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ADCs by Architecture: Delta-Sigma (AX) 


In a delta-sigma ADC, the input signal is 
oversampled by a modulator at a high sam- 
pling rate, then filtered and decimated to 
produce a high-resolution data stream by a 
digital filter at a lower sampling rate. Delta- 
sigma converters are capable of very high 
accuracy, and are ideal for converting sig- 
nals which range in frequency from DC to 
several megahertz. 


The delta-sigma architecture approach allows 
resolution to be traded for speed and both to 
be traded for power. This nearly continuous 
relationship between data rate, resolution, 
and power consumption makes delta-sigma 
converters extraordinarily flexible. In many 
delta-sigma converters, this relationship is 
programmable, allowing a single device to 
handle multiple measurement requirements. 


Because delta-sigma converters oversample 
their inputs, they can perform most anti- 
aliasing filtering in the digital domain. 
Modern VLSI design techniques have 
brought the cost of complex digital filters 
far below the cost of their analog equiva- 
lents. Formerly unusual functions, such as 
simultaneous 50/60Hz notch filtering, are 
now built into delta-sigma ADCs costing far 
less than an equivalent SAR-based system 
with analog filtering. 


Typical high-resolution applications for 
delta-sigma ADCs include industrial 
process control, analytical and test 
instrumentation, medical instrumenta- 
tion, and digital audio. 


Design Considerations 

Sampling Rate — the number of times 
per second the input signal is sampled. In 
most types of data converters, this rate is 
also the rate at which new samples are 
delivered. In delta-sigma converters, the 
sampling rate is usually much higher than 
the “data rate.” 


Data Rate — the number of samples 
delivered per second. Delta-sigma converters 
sample the input many times to deliver 
a single oversample data point. The rate 
at which they sample the signal is called 
the “sampling rate.” In delta-sigma 
converters, the data rate is usually much 
lower than the sampling rate, while in 
some the data rate is programmable. 


Decimation Ratio — the ratio between the 
sampling rate and the data rate. Many 
delta-sigma converters allow the decimation 
ratio to be adjusted. Higher decimation 
ratios result in a lower data rate, but also 
lower noise. Decimation ratio is sometimes 
called “oversampling ratio.’ 


Filter settling Time — delta-sigma converters 
normally measure a continuous band- 
limited waveform. When a delta-sigma con- 
verter encounters a very rapidly changing 
input signal, such as a step waveform, its 
digital filter goes through a process called 
“settling.” Settling occurs because the 
filter's output cannot change as quickly as 
its input can. During settling, the filter's 
output approaches, and eventually reaches, 
the input level. 


Delta-sigma ADCs consist of a delta-sigma modulator followed by a digital decimation 
filter. The modulator incorporates a comparator and integrator in a feedback loop with a 


DAC. The loop is synchronized by a clock. 


Filter 
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The amount of time it takes a filter to 
settle is usually expressed in terms of 
“conversion cycles.’ A filter that settles in 
four cycles produces at most three invalid 
data points when given a step input. 
Different filter tyoes have different settling 
characteristics. For example, a sinc® filter 
settles in five cycles; a sinc! filter settles in 
one cycle. Some FIR digital filters can 
settle in one cycle. 


Settling time is an important consideration 
for multiplexing designs. A delta-sigma’s fil- 
ter must settle each time the channel on a 
delta-sigma converter is changed, since 
this usually results in a step input. 


ENOB — an acronym for “Effective 
Number Of Bits,’ and is a way of expressing 
a data converter's inherent signal-to-noise 
ratio. ENOB is an RMS term; a converter 
with an ENOB of 19-bits is not 19-bits 
“noise free.” 


Noise-Free Bits — a certain number of a 
data converter's most significant bits will 
remain constant for a DC input signal. 
These bits are called “noise-free bits” and 
are a measure of the converter's peak-to- 
peak noise. 


Modulator Frequency — the rate at which 
the modulator processes the input signal. 
Usually, but not always, the modulator 
frequency equals the sampling rate. 


Noise Shaping — the special characteristic 
of a delta-sigma modulator. Delta-sigma 
modulators quantize the input signal into a 
low-resolution, high-rate data stream which 
has a special property: unlike normal sampling 
systems, most of the quantization noise 


appears as high-frequency noise. This high- 
frequency noise is filtered out digitally to 
produce the converter's output. 


Noise shaping gives a delta-sigma converter 
an important advantage over other kinds of 
oversampling systems: thanks to noise 
shaping, higher resolution is obtained for a 
given oversampling ratio. 


Quantization Noise — is the difference 
between the real signal and the converted 
signal after it is quantized, not including DC 
and linearity errors. 
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Delta-Sigma (AX) ADCs 


® Modulator Order — the simplest kind 


of delta-sigma modulator is a “first-order 
modulator’ Higher order modulators shape 
the quantization noise more strongly, pro- 
ducing less noise in the sampling band- 
width. However, high-order modulators 
are more difficult to design, consume 
more power, and take up more chip space. 


For very low-power or low-speed devices, 
first- or second-order modulators are most 
common. Low-noise and high-performance 
devices typically use third-, fourth-, or fifth- 
order modulators. Some _ converters, 
particularly audio devices, use networks of 
multiple modulators to achieve high 
speeds or very low noise, with a corre- 
sponding increase in power and die size. 


Technical Information 

Almost all delta-sigma ADCs have inherently 
differential inputs. They measure the 
actual difference between two voltages, 
instead of the difference between one 


voltage and ground. The differential input 
structure of a delta-sigma makes it ideal for 
measuring differential sources such as 
bridge sensors and thermocouples. 
Frequently, no input amplifiers are 
required for these applications. 


Delta-sigma converters work differently 
than SAR converters. A SAR takes a "snap- 
shot" of an input voltage and analyzes it to 
determine the corresponding digital code. 
A delta-sigma watches an input signal for a 
certain period of time and outputs a digital 
code corresponding to the signal's average 
over that time. It is important to remember 
the way delta-sigma converters operate, 
particularly for designs incorporating 
multiplexing and synchronization. 


It is very easy to synchronize delta-sigma 
converters together, so that they sample at 
the same time, but it's more difficult to 
synchronize a delta-sigma converter to an 
external event. 


Delta-sigma converters are highly resistant 

to system clock Jitter. The action of over- 
sampling effectively spreads jitter across 
the frequency spectrum, making it part of 
the noise floor. 


Many delta-sigma converters include 
“input buffers” and “PGAs.” An input buffer 
increases the input impedance to allow 
direct connection to high source impedance 
signals. A PGA (programmable gain amplifi- 
er) can increase the converter’s resolution 
when measuring small signals. Bridge sen- 
sors are typical signal sources that can 
take advantage of the PGA within the con- 
verter. 


Every ADC requires a reference, and for 
high-resolution converters, low-noise, 
low-drift references are critical. Most 
delta-sigma converters have differential 
reference inputs. 


ADS1100, ADS1110 | 16-bit, Low-Power ADCs in SOT23-6 


Get samples and datasheets at: 


www.ti.com/sc/device/ADS1100 or www.ti.com/sc/device/ADS 1110 


The ADS1100 and ADS1110 are precision, wide dynamic range ADCs with on-board 
programmable gain amplifier (PGA), oscillator and an |2C serial interface. Both operate 
from a 2.7V to 5.5V supply and can automatically power down after a conversion. The 
ADS1100 uses Vpp as the reference to allow ratiometric measurements. The ADS1110 


has an internal 2.048V reference. 


ADS1100 and ADS11710 are available in the SOT23-6 packaging. 


| ADS11100nly 


| $$jCock ~~ 
| Oscillator 7 = 


I2C Serial 
Interface 


Key Features 
e 16-bits no missing codes 
ePGA=1,2,40r8 
e Single-cycle settling 
e Low noise: <1LSB 
e Power supply: 2.7V to 5.5V 
e Low supply current: 9OUA (ADS1100) 
e Programmable data rates up to 240SPS 
e |2C serial interface: 8 addresses available 
e On-board reference: (ADS1110) 
Accuracy: 2.048V, +0.05% 
Drift: 5ppm/°C 
e Packaging: SOT23-6 


Applications 

e Industrial process control 

e Temperature measurement 
e Handheld medical 

e Smart transmitters 

e Portable instrumentation 
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Delta-Sigma (Ax) ADCs 


ADS1605 | 16-bit, MSPS A> ADC 
Get samples, datasheets and EVMs at: www.ti.com/sc/device/ADS1605 


The ADS1605 is a 5MSPS, high-precision, AZ ADC with 16-bit resolution that features 
outstanding high-speed performance. The ADS1605 bandwidth (-3dB) is 2.45MHz and 
passband ripple is less than +0.0025dB (to 2.2MHz). It operates from a +5V analog 
supply and +3V digital supply. The digital |/O supply operates from +2.7V to +5.25V, 
enabling the digital interface to support a range of logic families. 


The ADS1605 is the ideal choice for demanding high-speed measurement requirement 
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Key Features 
e Selectable data rate: 
16-bit, 5WSPS 
14-bit, TOMSPS 
e 16-bit performance: 
SNR: 88dB 
THD: -99dB 
SFDR: 101dB 
Linear phase with 2.45MHz bandwidth 
e Selectable on-chip reference 
e Direct connection to TMS320C6000™ DSPs 
e Adjustable power dissipation: 
315 to 570mMW 
e Packaging: 64-lead TOFP (PowerPAD™) © 


Applications 

e Scientific instruments 
e Medical imaging 

e ATE 

e Data acquisition 
Vibration analysis 


ADS1202 | Motor Control Current Shunt 1-Bit, 10MHz, 2nd-Order, A> Modulator 


Get samples, datasheets and EVMs at: www.ti.com/sc/device/ADS1202 


The ADS1202 is a precision, 80dB dynamic range, AZ modulator operating from a single 
+5V supply. The differential inputs are ideal for direct connections to transducers or 
low-level signals. With the appropriate digital filter and modulator rate, the device can 
be used to achieve 16-bit ADC conversion with no missing codes. The ADS1202 is 
designed for use in medium resolution measurement applications including current shunt 
measurements, smart transmitters, industrial process control, weigh scales, 
chromatography, and portable instrumentation. 


2nd-Order 
A> Modulator 


Interface 
Circuit 


RC Oscillator 
20MHz 


Reference 
Voltage 
2.5V 


Key Features 

e 16-bit resolution 

e 13-bit linearity 

e Resolution/speed trade-off: 10-bit 
effective resolution with 2us signal 
delay (12-bit with 77us) 

e +250mV input range with a single 

5V supply 

2% internal reference voltage 

2% gain error 

e Packaging: 8-lead TSSOP 


Applications 

e Motor control 

e Current measurement 

e Industrial process control 
e Instrumentation 

e Smart transmitters 
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ADS1218 | 8-Channel, 24-bit, AX ADC with Flash Memory 


Get samples, datasheets, EVMs and app reports at: www.ti.com/sc/device/ADS1218 


The ADS1218 is the ideal choice for a complete data acquisition system. 
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Key Features 


24-bits no missing codes (NMC) 
Effective resolution: 22-bits (PGA = 1), 
19-bits (PGA = 128) 

INL: 0.0015% 

4kB of Flash memory; programmable 
TrOM: 2.7 V TO: 5.25 

Single-cycle settling mode 
Programmable data output rate up to 
TB0SPS 

Precision, on-chip 1.25V/2.5V reference 
Packaging: 48-lead TOFP 


Applications 


Industrial process control 

Liquid/gas chromatography 

Smart transmitters 

Weight scales, pressure transducers 
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3NMC = no missing code resolution. 


4Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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ADCs by Architecture: SAR 


Successive-approximation register (SAR) 
converters are frequently the architecture 
of choice for medium-to-high-resolution 
applications with medium sampling 
rates. SAR ADCs range in resolution 
from 8- to 18-bits with speeds typ- 
ically less than 10MSPS. They provide 
low power consumption and a small 
form factor. 


A SAR converter operates on the same 
principle as a balance scale. On the scale, 
an unknown weight is placed on one side 
of the balance point, while known weights 
are placed on the other side and rejected 
or kept until the two sides are perfectly 
balanced. The unknown weight can then 
be measured by totaling up the kept, 
known weights. In the SAR converter, the 
input signal is the unknown weight, which 
is sampled and held. This voltage 
is then compared to successive known 
voltages, and the results are output by the 
converter. Unlike the weigh scale, conver- 
sion occurs very quickly through the use 
of charge redistribution techniques. 


Because the SAR ADC samples the input 
signal and holds the sampled value until 
conversion is complete, this architecture 
does not make any assumptions about the 
nature of the input signal, and the signal 
therefore does not need to be continuous. 
This makes the SAR architecture ideal for 
applications where a multiplexer may be 
used prior to the converter, or for applica- 
tions where the converter may only need 
to make a measurement once every few 
seconds, or for applications where a 
“fast” measurement is required. The 
conversion time remains the same in all 
cases, and has little sample-to-conversion 
latency compared to a pipeline or Ax 
converter. SAR converters are ideal for 
real-time applications such as_ industrial 
control, motor control, power management, 
portable/battery-powered instruments, 
PDAs, test equipment and data/signal 
acquisition. 


Design Considerations 

Acquisition Time — The time it takes for 
the internal sample-and-hold amplifier to 
acquire a signal and settle to LSB of the 
converter's resolution. 


Conversion Time — The time It takes for 
the SAR converter to convert the sampled 
signal into a digital result. This is typically 
N+1 clock cycles of the converter, where 
N is the number of bits of resolution. 


Throughput Rate — The maximum rate 
at which signals can be acquired and 
converted. This is usually found by adding 
the acquisition and conversion times. 
Usually expressed in terms of frequency, 
such as 100,000 samples per second. 


No Missing Codes — A converter with 
greater than 1LSB of negative differential 
nonlinearity on two adjacent codes 
would result In one code potentially 
never occurring in the outoput—it would 
be a “missing code.” Ideally, a SAR con- 
verter with N bits of resolution has N bits 
of no missing codes. 


Internal/External Clock — The clock that 
controls the conversion process may 
be built-in to the converter or may be 
externally provided by the user. Using an 
external clock allows the user to potentially 


slow down the clock during the acquisition 
time of the converter, thereby extending 
this time and increasing accuracy because 
the input has more time to settle. An 
external clock also allows the conversion 
process to be synchronous to other 
functions of the system. Internal clocks 
allow the data conversion to occur 
asynchronously, and the data from the 
conversion to be read out by a processor 
at a more convenient time. 


Bipolar/Pseudo-bipolar Inputs — Many 
modern SAR converters operate only 
from a single power supply, and can only 
accept input signal levels that swing 
between OV and the supply. For many 
applications, the output coding of the 
converter still needs to appear as though 
the signal is bipolar. Converters that do 
this are said to be bipolar, when in fact 
they are “pseudo-bipolar”: the input signal 
cannot swing below ground, but instead 
Swings around a point that is one-half of 
the supply voltage, or around the 
reference voltage. It Is important for the 
user to be aware of this when choosing a 
converter, and choose one that really does 
what is desired. If input signals must 
swing bipolar around ground, then choose 
a converter whose input range is explicitly 
stated to do that. 


In a SAR ADC, the bits are decided by a single high-speed, high-accuracy comparator 
bit by bit, from the MSB down to the LSB. This is done by comparing the analog input 
with a DAC whose output is updated by previously decided bits and successively 


approximates the analog input. 
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@ Technical Information 


Modern SAR ADCs use a sample capacitor 
that is charged to the voltage of the input 
signal. Due to the ADC's input capaci- 
tance, input impedance, and external 
circuitry, a settling time will be required for 
the sample capacitor's voltage to match 
the measured input voltage. 


Minimizing the external circuitry's source 
impedance is one way to minimize this 
settling time, assuring that the input signal 
is accurately acquired within the ADC's 
acquisition time. A more troublesome 
design constraint, however, is the dynamic 


@ load that the SAR ADC's input presents to 


the driving circuitry. The op amp driver to 
the ADC input must be able to handle 
this dynamic load and settle to the 
desired accuracy within the required 
acquisition time. 


The SAR ADC's reference input circuitry 
presents a similar load to the reference 
voltage. While the reference voltage is 
Supposed to be a very stable DC voltage, 
the dynamic load that the ADC's reference 
input presents makes achieving this goal 
somewhat difficult. Thus, buffer circuitry 
is required for the reference voltage, 
and the op amp used for this has similar 


requirements as that used for driving the 
ADC input; in fact, the requirements on 
the op amp may be even higher than for 
the input signal. Some SAR ADCs feature 
an internal reference buffer. 


Buffering these inputs using op amps 
with a low, wideband output impedance Is 
the best way to preserve accuracy with 
these converters. 


Recommended voltage 
references and operational 
amplifiers for ADCs and DACs, 
see page 38-39. 


ADS8401, ADS8402 | 16-bit, 1.25MSPS, microPower ADCs 


Get samples and datasheets at: 


www.ti.com/sc/device/ADS8401 or www.ti.com/sc/device/ADS8402 


The ADS8401 and ADS8402 are 16-bit, 1.25MSPS ADCs with internal 4.096V reference, 
full 16-bit interface and an 8-bit option where data is read using two 8-bit read cycles if 
necessary. The ADS8401 has a unipolar, single-ended input, and the ADS8402 has a 
differential pseudo-bipolar input. Both feature zero-latency operation and are specified 
over the industrial -40°C to +85°C temperature range. 


ADS8401 and ADS8402 feature high-speed parallel! interface. 
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Key Features 
e Sample rate: 1.25MSPS 
e 16-bit NMC ensured over temperature 
e Zero latency 
e Unipolar single-ended input range: 
ADS8401: OV to VRer 
ADS8402: differential pseudo-bipolar 
e High-speed parallel interface 
e Power dissipation: 1b55mW at 1.25MHz 
e 8- and 16-bit bus transfer 
e Packaging: 48-lead TOFP 


Applications 

e DWDM 

e Scientific and medical instrumentation 
e Transducer interface 

e Communications 
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ADS8342 | 16-bit, 250kSPS, 4-Channel, Parallel Output ADCs 


Get samples, datasheets and EVMs at: www.ti.com/sc/device/ADS8342 


The ADS8342 is a complete, 4-channel, 16-bit ADC with “true bipolar” input range. It 
interfaces for microprocessor use; and parallel 3-state output drivers. The ADS8342 is 
specified at a 250kSPS sampling rate while dissipating only 200mW of power. 


The ADS8342 Is available in a TOQFP-48 package and is ensured over the -40°C to+85°C 
temperature range. 


AO 
Al 


RD 
CS 
CONV 


BUSY 
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CLK 
CLKDIVO 
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BYTE 


Data 
116 Output 


Key Features 


Applications 


Dual supply +5V 

Input signal range: +2.5V around ground 
4-channel input multiplexer 

Up to 250kSPS sampling rate 
Selectable 8- or 16-bit parallel interface 
16-bit No Missing Codes 

THD: -89dB 

Low power: 200mMW 

—40°C to + 85°C operating 
temperature range 

Packaging: 48-lead TOFP 


Data acquisition 

Test and measurement 
Industrial process control 
Medical instruments 
Laboratory equipment 


ADS8320, ADS8321, ADS8325 | 16-bit, High-Speed, 2.7V to 5V microPower Sampling ADCs 


Get samples, datasheets and EVMss at: www.ti.com/sc/device/ADS8320, 
www.ti.com/sc/device/ADS8321 or www.ti.com/sc/device/ADS8325 


The ADS8325 is a 16-bit sampling ADC with guaranteed specifications over a 2.7V to 
5.25V supply range. It requires very little power even when operating at the full 
100kSPS data rate. At lower data rates, the high speed of the device enables it to soend 
most of its time in the powerdown mode. Average power dissipation is less than 
100uUW at 10kSPS data rate. 


The ultra-low power and small size of the ADS8325 make it ideal for portable 
instrumentation applications. 


7 Pour 
Serial | . 
Interface a DCLOCK 
CS/SHDN 


Key Features 


Sampling rate: 100kKSPS 
microPower: 
1.8mMW at 100kSPS and 2.7V 
O.3mW at 10kSPS and 2.7V 
Power down: 3uA max 
Pin-compatible to ADS7816 
and ADS7822 
Serial (SPI/SSI™) interface 
Packaging: MSOP-8 
(ADS8325: 3 x 3mm QFN) 


Applications 


10 Data Converter Selection Guide 


Battery operated systems 
Remote data acquisition 
Isolated data acquisition 
Simultaneous sampling, 
multi-channel systems 
Industrial controls 
Robotics 

Vibration analysis 
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1 Diff Serial, SPI 0.006 16 91 
ASE/2D% Sera Shi | 006 & 8&6 36 éé~ 
4SE/2Diff Serial, SPI 0.006 1 kB 
8SE/4 Diff Serial, SPI. Veer oe 6 
-8SE/4Diff Serial, SPI Veer at +Vecr 0.006 ie 8 36 
(SE Sena SPI/P8 = 4,5, 410 a7 6 & 2 
1SE Serial, SPI +4, 10, 43.3, 5, 10 oo 6 6 
ASE  Seral,SPi/Ps  §§ +10 002 6 36 
ft SE | Sera Sh Voce 0.006 14 
| ASE/208 SevalSPl 8 84 005 4 8 a 
1 Diff Serial, SPI VReEF 0.006 14 | 
0 G6SE/S0 Serial SPi #§§§ 4. O06 4 om 
4SE/2Diff Serial, SPI +10 0.006 14 79 29 
| BSE/4Diff Sera SFi +10 Et 008 46 8 
1 Diff Serial, SPI ie at +Vper Ext 0.012 14 78 2.5 
8SE/4 Diff Seal SP! PGA 246m) 6m =6088 6 Cll CCG 
12 Diff eal SPI / P12 +2.5 at +2.5 Int 0.048 1 _ 
iS ie #0 int/Ee 008 2 ae 
1D Serial SPI 5 Int 0.024 lf 70 11 
1D #i0h 8 8=6(Sena.SPi KC Mn =O dC CCC 
1 Diff Serial, SPI _ #20 Int = 0.024 Eo : 
2x2 Diff Serial, SPI +2.5 at +2.5 Int/Ext 0.024 12 70 25 
_o20n P12 +2.5 at +2.5 nies 06020 2 4 
3x2 Diff P12 +2.5 at +2.5 Int/Ext 0.024 2 7 
| 18 Sera, SP Vee Et 004 2 =f 1 
Serial, SPI Vice Ext 0.024 2a 2 15 
Seal SFi A ii/B 004 2 A 45 


Res. 
Device! | (Bits) 
ADS8381 18 
ADS8383 18 
ADS8411_ 16 
ADS8412_ ‘16 
ADS8401_ 16 
ADS8402_ ‘16 
ADS8371 16 
ADS8322 16 
ADS8323 «16 
ADS8361 16 
ADS8342 16 
ADS7811 16 
ADS7815 16 
ADS8364 16 
TLC4541 «16 
TLC4545 = 16 
ADS7805 16 
ADS7809 16 
ADS8320 16 
ADS8321 16 
ADS8325 ‘16 
ADS8341_~—s'16 
ADS8343 «16 
ADS8344 16 100 
ADS8345 16 100 
ADS7813 16 yj 
ASes 6 OKC 
TLC3541 «14 
TLC3544=—s«14 
TLC3545 «14 
TLC3548 «14 
TLC3574 «14 
TLC3578 «= 14 
ADS8324 14 50 
‘ADS7871 (1402 40 
ADS7869 12 
-ADS7810 = 12 
ADS7818 12 
ADS7834 12 
ADS7835 12 
ADS7852 = 12 
ADS7861 12 
ADS7862—«s12 
ADS7864 12 
TLC2551 = 12 


TLO2552 = 12 
1LGz354 =z 


Input Voltage 
(V) 


Package 
TOFP-48 
_ TOFP-4g 
TOFP-48 
TOFP-48 
TOFP-48 
ice 
TOFP-48 
TOFP-32 
SSOP-24 
TOFP-48 
‘socze 
coe 
| re 
| SOIC-8, VSSOP-8 
| Soles vsccee 
__ PDIP-28, SOIC- = : 
co ae 
VSSOP-8 
VSSOP-8 
VSSOP-8, OFN-8 
ssoPp-i6 
SSOP-16 
SSOP-20 | 
- PDIP-28, SOIC-28 
PDIP-16, SOIC-16 
-PDIP-28, SOIC-28 
SOIC-8, VSSOP-8 
SOIC-20, TSSOP-20 
SOIC-8, VSSOP-8 
“SOIC-24, 1SSOP-24. 
SOIC-24, TSSOP-24 
_ SOIC-24, TSSOP-24 
VSSOP-8 
_ SSOP-28 
TOQFP-100 
- soc 
PDIP-8, VSSOP- 7 
VSSOP-8 
VSSOP-8 
Tore -32. 
SSOP-24 
TOFP-48 
- SOIC-8, VSSOP-8 
SOIC-8, VSSOP-8 
SOIC-16, TSSOP-16 


Interface 
P8/ P16/ P1 8 
P8/ P16/ P18 
POPS 
P8/ P16 


Veer 
| Veer 
Veer at +Vper 


xt 
Int / Ext 
Int / Ext 
Ext 
Int / Ext 
Ext 
Int / Ext 
Ext 


$7. pg 


$26. 06 
$20.24 
$28.15 
$4.73 
$5.72 
$4.73 
$6.05 
$6.50 
oe 
$3.95 
$475 
$14.56 
$2.35 
$2.65 
a 
$3.85 
$6.35 
$3.72 


$3.72 
$5.04 


400 
400 


TLC2555 
TLC2558 
ADS7800 
ADS7816 
ADS7817 
ADS7841 
ADS7842 
ADS7844 
TLC2574 


200 
200 
200 


0 4SE/ 2 Diff 


4 SE 
8SE/4 Diff 
4 SE 


Serial, SPI 


P8/P12 


Serial, SPL 


Serial, SPI 


“Serial, SPI 


Fi2 


- Serial, ‘SPI . _ : 


Serial, SPI 


VREF 
ne 

Ceo 

Vee 


Nae 
VREF 


+2, 4 


1New products appear in BOLD RED. Preview devices appear in BOLD BLUE. 
4Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Ext 


Int 


| or ee 
Veer at ‘Ver 


Ext 


2SE = Single Ended, Diff = Differential. 


0.024 


0.012 


0.024 


0.024 


0.024 


0.024 


0.024 


29 


3NMC = no missing code resolution. 


SOIC-8, VSSOP-8 
SOIC-20, TSSOP-20 
CDIP SB-24, PDIP-24 
PDIP-8, SOIC-8, VSSOP-8 
SOIC-8, VSSOP-8 
SSOP-16 
SSOP-28 
SSOP-20 
SOIC-20, TSSOP-20 


$3.72 
$5.02 
$28.60 
$1.85 
$1.85 
$2.49 
$2.93 
$2.88 
$4.67 
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Sample Number : _ .... _ 
Res. | Rate | _ ut Anpet Voltage Linearity | — ‘|SINAD Power} 

Devier | (Bits) (kSPS) | ie! s? | Interface | Veep | (%) nc? | (dB) (mW) 1 Pa / 

Tc 20 si(‘iSE OC SSeriall, SPI Ver = - “|  s0ie-24, Tssop-2 14 
T1251 2 20 1SE Serial, SPI Ver: bt 004 2 2 %28  Siic-é vssop-e $3.63 
T7212 SE Serial, SPI Vrer et 00 2 2 28 #§8S$6ie-s VGsoPs $3.63 
TLV2544 12 200 4 SE Serial, SPI 42,4 Int/Ext 0.024 i 0 a5 SOIC-16, TSSOP-16 $3.99 
TVG 612 200 1 Diff Serial, SPi = 55 (Ver=Vop) = = EE (te SOIC-8, VSSOP-8 $3.63 
Tse HO 8 SE Serial, SPI +2,4 Int/Ext 0.024 2 Be SOIC-20, TSSOP-20 $4.59 
T2553 12—Ss«200 11 SE Serial, SPI Vas Ee 00h 2 - 24 SOIC-20, TSSOP-20 $3.42 
TLV2556 12 200 11 SE Serial, SPI Voce Int/Ext 0.024 2 — I SOIC-20, TSSOP-20 $3.55 
ASA 21s 1 Diff Serial, SPI Veer Bet die 2 FA O66 QFN-8 $1.40 
AMc7e20 12 100. 8DAS Serial, SPI +5 int 0024 == 12, 2 typ) 40 TOFP-48 $9.15 
ADS7804 12 ~—‘ 100 1SE P8 / P16 +10 ite 001 2 eS PDIP-28, SOIC-28 $13.36 
ApS08 12 «= 100 1SE Serial, SPI +4, 10, 43.3, 5,10 Int/Ext 0.011 2 8 a SOIC-20 $10.30 
Von 2 ff OD Serialx? §=©PGA(112525,5,025 mi O08 2 — 25 PLCC-68 $24.03 
Als 12. OS 1 Diff Serial, SPI Vie ee i: 12 71 06  PDIP-8,SOIC-8,VSSOP-8, $1.46 
TLC2543 i 6 11 SE Serial, SPI Ner bee 028 GB =. & CDIP-20, PDIP-20, $4.21 

| |. PLCC-20, SOIC-20, SSOP-20 
TLV2543 12 ~—«6 11 SE Serial, SPI Veer Ea 0024 12 -— 33 PDIP-20 S0I-20, SsoP-20 $4.21 @ 


‘ADS?#823 «122~—s50 1SE Serial, |2C Ver Et 002 #2 NW 075 VSSOP-8 $2.71 
ADS7828 12 50 8SE/4Diff Serial, I2C Vere nt / Ex 0.024 2 Th Ob TSSOP-16 $3.20 
AOS 28 SSE  _—s Serial, SP! PGAIL,24,8,101620 1 006 2 2 46 Ssipze (ts BS 
ADS?806 ©«12 ~~ 40 1SE Serial, SPI/ P8 +4, 5, +10 Int/Ext 0.011 u G8 PDIP-28, SOIC-28 $12.06 
AUS#812 1240 1SE Serial, SPi s-+4,10,233,5,10 [nti 002 12 74 8 PDIP-16,SOIC-16 $11.28 
ADS7824 12 40 4SE Serial, SPI/ P8 +10 Int/Ext 0.012 ee PDIP-28, SOIC-28 $12.44 
ADS1286 12 37 1 Diff Serial, SPI Vere Et 004 #2 7 1 PDIP-8, SOIC-8 $3.01 
TLCI514 10 400 4SE/3Diff  Serial,SPl § +5.5(Vpep=Vpp) ——‘Int/Ext 0.012 1 be SOIC-16, TSSOP-16 $2.76 
TLEISI8 §=610)=— 400: «8 SE/7Diff «Serial, SPE = 45.5 (Vacc=Vpp) —s Int/Ext = (0.012 0 66d SOIC-20, TSSOP-20 $3.28 
ADS7826 10 200 1 Diff Serial, SPI Vice Et = goes 1062s QFN-8 $1.20 
TLV1504 «= 10 ~=—— 200 4 SE Serial, SPI 4 | = Inte “i 8 33 SOIC-16, TSSOP-16 $2.51 @ 


Lam 


TLV1508 10 200 8 SE Serial, SPI +2, 4 Int/Ext 0.05 0 68 33 SOIC-20, TSSOP-20 $3.01 
Tiss «= 10S s«164 1SE P10 Ver Ee 08 #6 — © PLCC-28, SOIC-24 $3.71 
TCs) «= 10~—St—s«*G8 1SE P10 Wore ee 0.1 0 — 10 PLCC-28, SOIC-24 $3.19 
TLV1544 ~—s10 85 4 SE Serial, SPI Ver 0 — 1.06 SOIC-16,TSSOP-16 — $1.85 
TLV1548 10 85 8 SE Serial, SPI Vee: Ext 0.1 10 — 105 COIP-20,LCCE-20,SSOP-20 $218 
105420 38 11 SE Serial, SPI Ver Et OG eo -— 4 CDIP-20, LCCC-20, ($2.58 
t+; | : PDIP-20, PLCC-20, SOIC-20 

TLC1543 10 38 11SE Serial, SPI Veee Et 10 — 4 _ PLCC-20, SOIC-20,SSOP-20 $1.85 
TLC1549 ~=-10 38 1SE Serial, SPI Ver em eo — | PDIP-8, SOIC-8 $1.71 
TLV1543 10 38 11 SE Serial, SPI Mie Ext 0.1 10 — 264  CDIP-20,LCCC-20,PDIP-20, $2.05 


ao | PLCC-20, SOIC-20, SSOP-20 
TLV1I549 1 38 1SE Serial, SPI Veg ht ot 0 — 12 PDIP-8, SOIC-8 $1.72 


‘TLC1541 32 11 SE Serial, SPI Vere Ext 0.1 PDIP-20, PLCC-20, SOIC-20 $3.05 
TLC0820A 392 1SE P8 Veer mM d2 = $75 PLCC-20,SOIC-20,SSOP-20 $1.79 
ADS7827 250 1 Diff Serial, SPI Mone Ext 0.2 48. 06 QFN-8 $0.95 
‘TLC545 76 19 SE Serial, SPI Veer bt 02 -— 6 PDIP-28,PLCC-28 $2.94 
TLC540 75 11 SE Serial, SPI Wee Ext 0.2 —— §  PDIP-20, PLCC-20 SGIC-20 = $1.74 
TLV0831 49 1 SE Serial, SPI +3.6 (Vpce = Vpp) Ext 2 — ——*0,66 PDIP-8, SOIC-8 $1.32 
TLC548 455 1SE Serial, SPI Mocs oo PDIP-8, SOIC-8 $1.14 
TVG 802 6M OZSE/10 Sera SPI Vee a PDIP-6.SOIC-8 $1.92 
TLV0834 4]  4SE/2Diff — Serial, SPI Veer Ext 0.2 | PDIP-14, SOIC-14, TSSOP-14 $1.38 
‘TLCS A 40 SE ~ Serial, SPI oo Nec bt. tc 8. — 6  PDIP-20, PLCC-20, SOIC-20 = $1.41. 
TLC549 40 1SE Serial, SPI Vier Ext 0.2 — 4 PDIP-8, SOIC-8 $0.90 
TLV0838 379 8SE/4Di SeriaSPl = Ver § Ee €2 8 — O66 FDIP-20 S0IC-20 TSsoP-20 $1.38 
TLC0831 31 1 Diff Serial, SPI Vier Ext 0.2 — 3 PDIP-8, SOIC-8 $1.32 
Wie: 6 =& +##$Se  SereSPi Ve $= $62 $@€ #=- #6 +# PDIP PLCC S0ic2 $10 
TLC0832 22 2SE/1Diff — Serial, SPI i Ext 0.2 — 125 PDIP-8, SOIC-8 $1.32 


Tiches4 20. 4SE/2Diff — Serial, SPI Oe  . = 3 PDIP-14,S0Ic-14_is 138 
PDIP-20, SOIC-20, TSSOP-20 $1.38 


a 
femme 


ak 
fom] 
—_ 
oS 
| 
Lop) 


co ©O CO CO GO CO CO C&O CO CG © CO GO & OO 
3 CO GO CO & 0O 6 Co G& COG CO & CO 
oO 
ror) 
ror) 


TLC0838 20 8SE/4Diff Serial, SPI Vece Ext 0.2 


1Preview devices appear inBOLD BLUE, 2SE = Single Ended, Diff = Differential. _3NMC =no missing code resolution. 
4Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Analog-to-Digital converters featuring 
sampling rates of 10’s of MSPS are likely 
based on the pipeline architecture. The 
pipelined ADC consists of N cascaded 
stages. The concurrent operation of all 
pipeline stages makes this architecture 
Suitable for achieving very high conver- 
sion rates. The stages themselves are 
essentially identical, lined up in an assembly 
line fashion and designed to convert only 
a portion of the analog sample. The digital 
output of each stage is combined to 
produce the parallel data output bits. A 
new digitized sample becomes available 
with every clock cycle. The internal 
combination process itself requires a 
digital delay, which is commonly referred 
to as the pipeline delay, or data latency. 
For most applications this is not a limitation 
since the delay, expressed in number of 
clock cycles, is a constant and can be 
accounted for. 


One of the key architectural features 
of pipeline ADCs that allows high 
dynamic performances at high signal 
frequencies is the differential signal 
input. The differential input configuration 
results in the optinum dynamic range 
since it leads to smaller signal amplitude 
and a reduction in even-order harmonics. 
Almost all high-speed pipeline ADCs use 
a single supply voltage, ranging from 
+5V down to +1.8V. Therefore, most 
require the analog input to operate with a 
common-mode voltage, which typically 
is at the mid-supply level. This common- 
mode or input bias requirement comes 
into consideration when defining the 
input interface circuitry that will drive the 
ADC. Switched capacitor inputs should 
also be considered. 


Design Considerations 

Sampling Rate — typically refers to the 
maximum rate at which the converter can 
acquire and digitize an input signal while 
maintaining its specified performance. 
Sampling rate also relates to the fact that 
most pipeline ADCs have an_ internal 
Sample-and-Hold (S/H) circuit. The sampling 
rate for high-speed converters is usually 
given with the unit mega-samples- 
persecond (MSPS). 

Pipeline Delay — expressed in number 
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ADCs by Architecture: Pipeline 


of clock cycles from the time a sample 
was acquired until it is available at the 
ADC's digital output. 


Analog Input Bandwidth — The band- 
width at which the spectral power of the 
fundamental frequency, applied to the 
pipeline ADC converter input, is reduced 
to 3dB below full-scale. This is typically 
determined by FFT analysis. 


SFDR (Spurious Free Dynamic Range) — 
the distance in dB from the fundamental 
amplitude to the peak spurious compo- 
nent in the output frequency spectrum. 
The peak spur can either be harmonic or 
non-harmonic in nature. 


SNR (Signal-to-Noise Ratio) — the ratio 
of the signal's rms value to the rms value 
of all other spectral components, excluding 
the first five harmonics and dc. Specified 
in dBc or dBFS for a particular funda- 
mental frequency and sampling rate. 


SINAD (Signal-to-Noise and Distortion) — 
the ratio of the signal power to the power 
of the spectral noise and harmonic compo- 
nents within the Nyquist bandwidth. 
Specified in dBc or dBFS for a particular 
fundamental frequency and sampling rate. 


Aperture Jitter — the phase modulation 
of the sampling clock causing a sample- 


to-sample variation at the exact moment 
the S/H amplifier acquires the sample. 
Aperture jitter characterizes the ADC's 
ability to accurately digitize rapidly 
changing input signals. This becomes an 
important consideration for undersam- 
pling applications. 


Technical Information 

Pipeline ADCs also employ the basic 
idea of moving charge samples, which 
represent the input voltage level at the 
particular sample incident, from one 
Stage to the next. The differential 
pipeline structure is highly repetitive 
where each of the pipeline stages 
consists of a S/H, a low-resolution ADC 
and DAC, and a summing circuit that 
includes an interstage amplifier to 
provide gain. 


The analog signal is sampled with 
the first S/H circuit, which may also 
facilitate a single-ended to differential 
conversion. This S/H is one of the most 
critical blocks as it typically sets the 
performance limits of the converter. As 
the captured sample passes through the 
pipeline, the conversion is iterated by the 
Stages that refine the conversion with 
increasing resolution as they pass the 
remainder signal from stage to stage. 
Each stage performs an analog-to-digital 


Pipeline ADCs consist of consecutive stages, each containing a sample and hold (S/H), 
a low-resolution ADC and DAC, and a summing circuit that includes an interstage amplifier 


to provide gain. 


Sample/Hold | 


n Output Bits 
Per Stage 


Analog Pipeline 


Digital Output 
Word 
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Pipeline ADCs 


conversion, and a back-conversion to 
analog. The difference between the D/A 
output and the held input is the residue 
that is amplified and sent to the next 
Stage where this process is repeated. 


In order to properly design the interface 
circuit to the pipeline ADC, its switched- 
Capacitor input structure needs to be 
considered. The input impedance of 
the pipeline converter represents a 
capacitive load to the driving source. 
Furthermore, it is dynamic since it is a 
function of the sampling rate (1/fs). The 
internal switches generate small tran- 
sient current pulses that may affect the 
settling behavior of the source. To 
reduce the effects of this switched- 
Capacitor, input series resistors and a 
shunt capacitor are typically recommend- 


ed. This will also ensure stability and fast 
settling of the driving amplifier. 


To select an appropriate interface circuit 
configuration, It IS important to deter- 
mine whether the application is time 
domain in nature (e.g. CCD-based imag- 
ing system) or a frequency domain appli- 
cation (e€.g. communication system). 
Time domain applications usually have an 
input frequency bandwidth that includes 
DC. Frequency domain applications, on 
the other hand, are typically ac-coupled. 
The key converter specifications here are 
SFDR, SNR, aperture jitter and analog 
input bandwidth; the last two specifica- 
tions particularly apply to undersampling 
applications. The optimum interface 
configuration will depend on whether the 
application calls for wide dynamic range 


(SFDR), or low noise (SNR), or both. 


Critical to the performance of high- 
speed ADCs is the clock signal, since a 
variety of internal timing signals are 
derived from this clock. Pipeline ADCs 
may use both the rising and falling clock 
edge to trigger internal functions. For 
example, sampling occurs on the 
rising edge prompting this edge to have 
very low jitter. Clock jitter leads to 
aperture jitter, which can be the 
ultimate limitation in achieving good 
SNR performance. Particularly in under- 
Sampling applications, special consider- 
ation should be given to clock jitter. 


ADS5220, ADS5221 | 12-bit, 40 and 65MSPS, 3.3V ADCs 


Get samples and datasheets at: 


www.ti.com/sc/device/ADS5220 or www.ti.com/sc/device/ADS5221 


The ADS5220 and ADS5221 are pipeline, CMOS, sampling ADCs that operate from a 
single +3.3V supply. They provide excellent performance with a single-ended input and 
can be operated with a differential input for added spurious performance. The low dis- 
tortion and high SNR of these ADCs give the extra margin needed for medical imaging, 
communications and portable instrumentation applications. 


ADS5220 Functional Block Diagram 


AVpp 


ADS5220 


a. 
Pipelined 


ADC 


STPD QPD 


REFT REFB 


CLK VDRV 
@ 


Timing/Duty Cycle 
Stabilization 


Circuitry 


3-State 
Output © 


Internal 
Reference 


RSEL VREF OE 
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Key Features 
e Sample rate: 
ADS5220: 40MSPS 
ADS5221: 65MSPS 
e High SNR: 70dB 
e High SFDR: 90dBFS 
e Low power: 
ADS5220:180mMW 
ADS5221: 285mW 
e Internal/external reference option 
e¢ SE or fully differential analog input 
e Packaging: 48-lead TOFP 48-QFN 


Applications 

e Medical imaging 

e Portable instrumentation 
e Communications 


* Planned availability 2nd half 2003 
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@ ADS5121/ADS$5122 | 8-channel, 10-bit, 40MSPS and 65MSPS ADCs 


Get samples, datasheets, application reports and EVMs at: 
www.ti.com/sc/device/ADS5121 or www.ti.com/sc/device/ADS5122 


The ADS5121 and ADS5122 are low-power, 8-channel CMOS ADCs optimized for Key Features 
: portable imaging applications. A single-ended input clock is used for simultaneous sampling * 8 differential analog inputs 
of up to eight analog differential input channels. Individual standby pins allow users the — ® Differential input range: 1Vp-p 
ability to powerdown any number of ADCs. The device's speed, resolution and low e Analog/digital supply: 1.8V 
power make it ideal for high-density signal processing in low-power environments. e Digital I/O supply: 1.8V / 3.3V 
ADS5121 and ADS5122 are optimized for portable imaging applications. ¢ SNR: 
a _ ADS5121: 60dB at fy, = ZOMHz 
Ayo a ADS5122: 59qB at f,, = 2OMHz 
/ — ¢ SFDR: 
ADS5121: 75dB at fy = 10MHz 
ADS$5122: 72dB at f, = 10MHz 
e Power dissipation: 
ADS5121: 500mMW 
AD$5122: 733mW 


» Output e Packaging: 257-lead MicroStar™ BGA 


internal oy rer _ Applications 
a peng e Portable ultrasound 
e Portable instrumentation 


AGND BG PDREF REFT REFB CML DRVGND DGND 
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am 2 | Nu | oat eae Input - Supply — 

| | Input | 2 | Bandwidth | DNL INL - SNR age \ 
‘ADS5422 14 — 2 : $29.00 
" = -— 6 Ar oC ~LOFP- a.tCS 
ADS850 14 
THS1408 i 
THS1403 14 
ae 06mm LG 
THS1401 ia 
Tas 
ADS5410 2 
AD: DS809 2? #2 
“ADS808 12 
-ADS5221 2 =86ffC 


76 TOFP-48 $16.00 


7 6 6g CC es 


“) 
) ie 3, 3.6 210 HTQFP- 48, TOFP- as $10.49 
5 


1SE/1Diff = 15 140 
1SE/ 10 a © 1 322s 
Fort an 2 1000 2 65 3, 3.6 360 TOFP-48 $23.00 
USE me ON a Bll i ( ie CCU 
ISE/10i 1102 1000 17 7 64 4.75, 5.25 720 TOFP-48 $18.55 
ASE/10f it2 8630 i 16 $$ #$$333¢ 5 # #£‘T0FPae0FN-4s = $14.95 
ADS807 12 1SE/10  2t03 270 1 4 69 4.75, 5.25 335 SSOP-28 $10.75 
‘ADS2807 ee 1. #56 $$. 455% $2 $jj|éea $17.20 
12 1SE/1 Diff (i ae 70 sock TOFP-48, QFN-48 = $12.25 
1 
1 


Cy 2 ft  ~=6ht Oe 
soe Co ‘HTOFP- se, TOFP-48 $8.46 
45 348 oe tw CC 


1 
1 
1 SE/1 Diff 15 140 1 
1 
1 
1 
I 


J 12 2 2 SE / 2 Diff 4 66 475, 5.25 430 TOFP-64 $13.45 

THS1230 2 6 1 SE/ 10 1 2 i a 25 Cll 3366 168 SOIC-28, TSSOP-28 $10.00 
ADS801 12 _ — | Diff . 1 — 64 4.75, 5.25 270 $0-28, SSOP-28 $11.95 

“ADS805 . Te oor es oe 2 ee a oe SSOP 78 $5.40 

THS1215 12 | | 6 3, 3.6 148 SOIC-28, SSOP-28 $7.72 

ADS802 2a L i. 4 oo 1 16 6 At | ooo $0-28, SSOP-28 $12.00 
ADS804 12 0 1 ‘SE/ 1 Diff 0.75 2 69 4.7, 5.3 180 SSOP-28 $8.75 

-THS12082 2 $8 # $2S:/ i Diff  oertCHs“‘<‘ia C)S*C;‘< ( i hl hh hl Cll TSSOP-22 3=—is«éS 7.95 
'Preview devices appear in BOLD BLUE 2SE = Single Ended, Diff = Differential. %Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, 

visit www.ti.com or dataconverter.ti.com 


| 1 SE/1 bit 
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‘Ban width | DNL 
(MHz) ‘| (= LSB) 


vote | 


‘ADS826 


ADS5103 
ADS5120 
ADS5121 


‘ADS5203 


ADS5204 


ADS821 


ADS822 


ADS825 


THS1040 


THs 


THS1030 
THS1031 
ADS820 
ADS900 
ADS901 

-THS10082 
THS1009 


THS10064 


THS1007 
TLV1562 
TLV1570 
TLV1571 
TLV1572 
TLV1578 

ADS831 
-TLV5580 
ADS830 
THS0842 
TLC5540 


TLV5535 _ 


ADS930 


TLC5510 


TLV571 


10 
10 
10 
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ae 
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475,525 
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3236 
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21,31 

4.75, 5.25 

4.75, 5.25 
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4.75, 5.25 


3 


4.75, 5.25 
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a as 


4.75, 9.25 
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160 


73 
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150 
12 


T380 <oP 2 


SSOP- 28 
: -SSOP- 2 
TOFP-48 

_ BGA-257 


BGA-257 
_ ‘TOFP- 48 
SSOP-28, SO-28 
SSOP-28 
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$10.49 


$12.40 
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$4.96. 


$4.85 


$5.16 


$3.53 


$6.43 


$3.22 


$3.49 


$3.02 


$3.98: 


$3.49 
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SOP- 24, TSS0P-2 24 
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1New products appear in BOLD RED. 2SE = Single Ended, Diff = Differential. 
3Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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DACs by Architecture: Delta-Sigma (A>) 


@ AX DACs are the converse to AX ADCs with filter and a clock for the modulator and control applications, high-resolution test 
a digital modulator and analog filter. AX filter. AX DACs have high resolution and and measurement equioment, remote 
DACs include a serial interface, control a low power demand making them ideal applications, battery-powered _instru- 
registers, modulator, switched capacitor for closed-loop control in industrial ments and isolated systems. 


DAC1220 | 20-bit, Low-Power, A> DAC 


Get samples, datasheets and application notes at: www.ti.com/sc/device/DAC1220 


The DAC1220 is a high-precision, self-calibrating DAC offering 20-bit monotonic per- Key Features 
formance over the specified temperature range. It utilizes delta-sigma technology to ¢ 20-bit monotonicity guaranteed over 
achieve inherently linear performance in a small package at low power. The resolution ~40°C to +85°C 
of the device can be programmed to 20-bits for full-scale, settling to 0.003% in 15ms e Low power: 2.5mW 
(typ), or 16-bits for full-scale, settling to 0.012% within 2ms (max). The DAC1220 has the e Settling time: 2ms to 0.012% 
} unique ability to achieve two-wire communications, which reduces the complexity of e Max linearity error: +0.0015% 


the interface and provides for low-cost isolation. ¢ On-chip calibration provides extremely 
: low offset and gain error 
DAC1220 features self-calibration and superior accuracy. e Synchronous serial interface is SPI™ 


and Microwire™ compatible 
e Packaging: 16-lead SSOP 
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oe |) Second-Order Switched Sandniicue e ATE pin electronics 
Paattu se = AX : = V i 
Data Register Modulator Capacitor ie ron OUT e Smart transmitters 


——— Filter Filter 


OC2 e Portable instruments 
| e Battery-powered equipment 


cs DVpp DGND 


AX DACs Selectio 


n Guide 
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DACs by Architecture: String and R-2R 


Resistor "String" and R-2R DACs consist 
of four major elements: logic circuitry, 
some type of resistor network, means 
of switching either a reference voltage 
or current to the proper input terminals 
of the network as a function of the 
digital value of each digital input bit and a 
reference voltage. 


Design Considerations 

Static Errors — are those errors that 
affect the accuracy of the converter signals 
and can be described by four terms: 
offset error, gain error, integral nonlinearity 
and differential nonlinearity. Each can be 
expressed in LSB units or sometimes as a 
percentage of the FSR. For example, an 
error of “LSB for a 12-bit converter 
corresponds to 0.012% FSR. 


Offset Error — is defined as the difference 
between the nominal and actual offset 
points. For an ADC, the offset point 
is the midstep value when the digital 
output is zero, and for a DAC it Is the step 
value when the digital input is zero. This 
error affects all codes by the same 
amount and can usually be compensated 
for by calibration. 


Gain Error — is defined as the difference 
between the nominal and actual gain 
points on the transfer function after the 
offset error has been corrected to zero. 
For an ADC, the gain point is the midstep 
value when the digital output is full scale, 
and for a DAC it is the step value when the 
digital input is full scale. This error 
represents a difference in the slope of the 
actual and ideal transfer functions and as 
such corresponds to the same percentage 
error in each step. This error can also 
usually be adjusted to zero by calibration 


Differential Nonlinearity (DNL) Error — 
is the difference between an actual step 
width (for an ADC) or step height (for a 
DAC) and the ideal value of 1LSB. 
Therefore, if the step width or height Is 
exactly 1LSB, then the differential nonlin- 
earity error is zero. If the DNL exceeds 
1LSB, there is a possibility that the DAC 
can become non-monotonic. This means 
that the magnitude of the output gets 
smaller for an increase in the magnitude 
of the input. 


Integral Nonlinearity (INL) Error — is 
the deviation of the values of the actual 
transfer function from a straight line. This 
straight line can be either a best straight 
line, which is drawn so as to minimize 
these deviations, or it can be a line drawn 
between the end points of the transfer 
function once the gain and offset errors 
have been nullified. The second method Is 
called end-point linearity and is the usual 
definition adopted since it can be verified 
more directly. For an ADC the deviations 
are measured at the transitions from one 
step to the next, and for the DAC they are 
measured at each step. The name integral 
nonlinearity derives from the fact that the 
Summation of the differential nonlineari- 
ties from the bottom up to a particular 
step, determines the value of the integral 
nonlinearity at that step. 


Dynamic Characteristics — are those 
characteristics or errors that affect the 
behavior of a DAC during transitions, 
which can be described by just four terms. 
These are settling time, glitch, feed 
through and noise. 


Settling Time — is defined as the time 
required for the output to approach a final 
value within the limits of a defined error 
band, for a step change in the digital input. 
There are some important distinctions, 
which must be mentioned when dis- 
cussing settling time specifications. If the 
settling time error band is described as 
+'4LSB on a converter with a 5V full-scale, 
then a 12-bit DAC has an allowable error 
band of +0.601mV and a 16-bit DAC has 
an error band of +0.038mV. Thus a 16-bit 
device may not be necessarily slower than 


Resistor matching improves DAC accuracy. 


Control 
and 
Interface | 


18 Data Converter Selection Guide 


a 12-bit device, it simply requires more time 
to settle to a tighter specification. Therefore, 
in comparing settling time between DACs 
of the same resolution, it is important to 
know the specified error band. 


Glitch — In the discussion of settling time, 
the total time for the transients to settle 
was considered, but for the nature of 
these transients. The glitch is defined as 
the amount of charge injected into the ana- 
log output from the digital inputs when the 
inputs change state. It is typically meas- 
ured at half scale at the input codes where 
as many as possible switches change 
state from 7FFF HEX to 8000 HEX. Glitch 
effects create different problems depend- 
ing on the application. For example, in 
graphics or positioning systems, the ampli 
tude of the glitch is important. In control sys- 
tems, the total energy is important if the 
total energy in the glitch transient was 
zero, then the effect of the glitch could be 
removed by filtering. 


Digital Feedthrough — When the DAC is 
not selected, high frequency logic activity 
on the digital inputs is coupled through 
the device and shows up as output noise. 
This noise is digital feedthrough. 


Total Harmonic Distortion + Noise — 
is defined as the ratio of the square root of 
the sum of the squares of the values of 
the harmonics and noise to the value of 
the fundamental frequency. It is expressed 
in percent or dB of the fundamental 
frequency amplitude at a specific update 
rate fs. 


Output 
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String and R-2R DACs 


Technical Information 

R-2R DACs — are used to achieve the 
best integral linearity performance. In an 
R-2R DAC a current is generated by a 
reference voltage, which flows through 
the R-2R resistor network based on the 
digital input, which divides the current by 
two at each R-2R node. The advantage of 
a R-2R type DAC Is that it relies on the 
matching of the R and 2R resistor 
segments and not the absolute value of 
the resistors thus allowing trim tech- 
niques to be used to adjust the integral 
linearity and differential linearity. 


Voltage Segment DACs (String DAC) — 
is simply a string of resistors, each of 
value R. The code loaded into the DAC 
register determines at which node on the 
string the voltage is tapped off to be fed 
into the output amplifier by closing one of 
the switches connecting the string to the 
amplifier. The DAC is monotonic, because 
it is a string of resistors. In higher resolution 


12- and 16-bit DACs, two resistor strings 
are used to minimize the number of 
switches in the design. In a two-resistor 
string configuration, the most significant 
bits drive a decoder tree, which selects 
the voltages from two adjacent taps of 
the first resistor string and applies them to 


REF 


the inputs of two buffers. These buffers 
then force these voltages across the end- 
points of the second resistor string. The 
least significant data bits drive a second 
decoder tree, which selects the voltage at 
one of the switch outputs and directs it to 
the output buffer. 


VreF 


® DAC7731, DAC7741, DAC7742 | 16-bit, DACs with Built-in +10V Reference and DAC Load Control 


Get samples, datasheets, application notes and EVMs at: www.ti.com/sc/device/DAC7731, 


www.ti.com/sc/device/DAC7741 or www.ti.com/sc/device/DAC7 742 


The DAC7731, DAC7741, and DAC7742 are single-channel, high-performance R-2R 
DACs with internal +10V low drift (+7ppm/°C typ) reference and capable of unipolar or 
bipolar operation. The DAC7731 includes a high-speed output amplifier with a max 
settling time of 5us to 0.003% FSR for a 20V full-scale change and only consumes 


®@ 100mW (typ) of power. 


DAC7731 is a serial-input, voltage-output DAC designed for industrial process control 


and ATE applications. 
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Key Features 
e Power consumption: 100mW (typ) 
e Configurable Voyrz range: 
+10V, +5V or +10V 

e INL: +3LSB (max) over temperature 
° Settling time: 
5us to 0.003% FSR (20V step) 
3-wire serial interface: 

DAC7731 
16-bit parallel interface: 

DAC7741 (edge triggered) 

DAC7742 (level triggered) 
Internal +10V reference with level 
adjust and enable control 
Buffered architecture with 
asynchronous LDAC control 
Packaging: 24-lead SSOP 


Applications 

e Test equipment 

e Closed-loop monitoring and control 
e Motor control 
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String and R-2R DACs 


DAC8531, DAC8532, DAC8534 Family | Single, Dual and Quad, 16-bit, Serial-Interface DACs 


Get samples, datasheets and application notes at: 


www.ti.com/sc/device/DAC8531, www.ti.com/sc/device/DAC8532 or www.ti.com/sc/device/DAC8534 


The DAC8531, DAC8532 and DAC8534 are single, dual and quad, respectively, low-power string DACs featuring a versatile three-wire seri- 
al interface with clock speeds up to 30MHz and compatible with standard SPI™, QSPI™, Microwire™ and DSP interfaces. 
An on-chip precision amplifier allows rail-to-rail output swing over the supply range of 2.7V to 5.5V. All three DACs incorporate a power 
on-reset circuit that ensures the DAC output powers up at OV and remains there until a valid write occurs. In powerdown mode, current 


consumption is 1pW. 


DAC8532 features a choice of three powerdown modes, all of which require 
1-UA max supply current. 


Vop Vee 


Buffer A : Register A 


Buffer B | Register B | 


| 24-Bit _ 

SYNC QO Channel Load Power-Down i 

SCLK O Select ol ———_——_— Control Logic 7 
Din 8 9 <2 


s Register Control Logic 


| Network : 


Key Features 

microPower operation: 250uA per DAC 
Power-on Reset to zero-scale 

Power supply: 2.7V to 5.5V 

Settling time: 10us to 0.003% FSR 
Ultra-low AC crosstalk: -100dB (typ) 
Low-power serial interface with 
Schmitt-triggered inputs 

e Double-buffered input architecture 
e Simultaneous or sequential output 
update and powerdown 

Packaging: 8-lead MSOP (DAC8531) 


Applications 

e Process control 

e Closed-loop servo control 
e Data-acquisition systems 
e Portable instrumentation 
e PC peripherals 

e Programmable attenuation 


DAC8571, DAC8574 Family | Single and Quad +2.7V to +5.5V, I2C Interface, Voltage-Output, 16-bit DACs 


Get samples, datasheets and application notes at: 
www.ti.com/sc/device/DAC8571 or www.ti.com/sc/device/DAC85 74 


The DAC8571 is a low-power, single channel, 16-bit buffered voltage-outout DAC. Its 
on-chip precision output amplifier allows rail-to-rail output swing. It utilizes an l4C 
compatible two-wire serial interface operating at clock rates up to 3.4Mbps with address 


support for up to two DAC8571s on the same data bus. 


Vpn !0Vpp VperH 
e 


a < . : —_— i. . | Power-Down 
=. Control Control | Control Logic 


Resistor 
Network 


®@ O O O o 
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Key Features 

® microPower operation: 140A at 5V 

e Poweron reset to zero-scale 

Power supply: +2.7V to +5.5V 

e Specified monotonic by design 

e Settling time: 10us to +0.003%FS 

e |2C interface up to 3.4Mbps 

e On-chip output buffer amplifier, 
rail-to-rail operation 

e Double-buffered input register 

e Address support for up to two 
DAC8571s 

e Packaging: 8-lead VSSOP 


Applications 

e Process control 

e Closed-loop servo control 
e Data-acquisition systems 
e Portable instrumentation 
e PC peripherals 
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String and R-2R DACs Selection Guide ( Continued) 


ag Number of 


Device _| Architec ‘DAcs | Interface | WV) | Vn | (%) _Packag 


DACT616 —-R-2R 12 10 4 Serial, SPL +Vper, +Vper Ext 0.012 12 (24) So 16, SSOP-20 $5.75 
DAC7617_ ~—— R-2R 2 10 4 Sala SPi  WVae Var Ct ( s‘(‘ia CO 24 =S0lC-16,SS0P-20 $5.75 
DAC7621 R-2R 12 10 1 P12 +4 Int 0.012 12 2.5 SSOP-20 $2.62 
DAC7624 ——R-2R 2 4 P12 Vere = ti(‘<«‘éi 0.012 12 15. PDIP-28, SOIC-28 $9.26 5 
DAC7625 —- R-2R 12 10 4 P12 +Vper Ext 0.012 12 15 PDIP-28, SOIC-28 $9.26 
DAC7714 —sR-2R 12 10 4 Serial, SPL tVnce Et 0.012 12 45 SOIC-16 $10.88 
DAC7715 ——R-2R 12 10 4 Serial, SPI +Vper Ext 0.012 12 45 SOIC-16 $10.88 ; 
DAC7724 —-R-2R 12 10 4 Pid Ne = =hoté«iCD 12 45  PLCC-28,SOIC-28 $11.85 
DAC7725 —— R-2R 12 10 4 P12 Veer Ext 0.012 12 45 PLCC-28,SOIC-28 $11.85 
TLV5637 _—Sttring mo 06. 2 Serial, SPI 24 0 60 loit et 10 4.2 SOIC-8 $4.30 
TLV5608 — String 10 1 8 Serial, SPI +Vper i sé 10 18 SOIC-20,TSSOP-20 $4.74 
TLV5631 String 10 1 8 Serial, SPI Vv t/t 10 18  SOIC-20,TSSOP-20 $5.12 
TLV5617A —_— String 10 2.5 2 Serial, SPI ae Ext 0.1 10 1.8 SOIC-8 $2.90 
UCC5950 — String 10 2.5 1 Serial, SPI “122. it 02 10 75 PDIP-8, SOIC-8 $1.39 
TLV5604 —Sttring 10 3 4 Serial, SPI +Vper Ext 0.05 10 3 SOIC-16,TSSOP-16 $3.86 
TLV5606 —Sttring 10 3 1 - Serial, SPI Woe lt 0.15 10 0.9  SOIC-8,VSSOP-8 $1.35 
TLC5615 String 10 125 1 Serial, SPI +Vper Ext 0.1 10 0.75 PDIP-8, SOIC-8, $1.85 
VSSOP-8 : © 
TLC7524 R-2R 8 0.1 1 P8 imn...—sti‘iét 0.2 8 5 PDIP-i6,PLCC-20, $1.44 
|. SOIC-16 TSScP-16 
TLC7528 R-2R 8 0.1 2 P8 1mA Ext 0.2 8 7.5  PDIP-20,PLCC-20, $1.52 
SOIC-20, TSSOP-20 
TLC7628 R-2R 8 0.1 2 P8 mh kt 0.2 8 20 SOIC-20,PDIP-20 $1.36 
TLV5626 String 8 0.8 Z Serial, SPI 42,4 Int / Ext 0.4 8 4.2 SOIC-8 $2.22 
TLV5624 —Strring 8 1 1 Serial, SPI 2 ie 8 0.9  SOIC-8,VSSOP-8 $1.65. 
TLV5629 String 8 1 8 Serial, SPI +Vece Ext 0.4 8 18  SOIC-20, TSSOP-20 $2.99 
TLV5632 String 8 1 8 Seva SPi 24 mt EO 8 18  SOIC-20,TSSOP-20 $3.19 
TLV5627 _— String 8 2.5 4 Serial, SPI aoe Ext 0.2 8 3  SOIC-16,TSSOP-16 $2.69 
TLV5623 String 8 3 1 Serial, SPI Wor Ext 0.2 8 21 SOIR Vea0P8 «= $1.15 
TLV5625 String 8 3 2 Serial, SPI +Vper Ext 0.2 8 2.4 SOIC-8 $1.74 
TLC7225 R-2R 8 5 4 P8 Wee =t”tsOEt 0.4 8 75 SOIC-24 $2.20 
TLC7226 R-2R 8 5 4 P8 +Vrer Ext 0.4 8 90 PDIP-20, SOIC-20 $2.11 
TLC5620 — String 8B 10 4 Serial, SPI "ee ))l™t”tCOE 0.4 8 PDIP-14,SOIC-14 $1.42 
~TLC5628 ~—S String 8 10 8 Serial, SPI oe Ext 0.4 8 15 PDIP-16, SOIC-16 $2.32 
TLV5620 R-2R 8 10 4 Serial, SPI CG 0.2 8 PDIP-14,SOIC-14 $1.00 
TLV5621 R-2R 8 10 4 Serial, SPI ‘Vee  =—sét 0.4 8 3.6 SOIC-14 $1.74 
TLV5628 —_—Sttring 8 10 8 Serial, SPI “lot 0.4 8 12 PODIP-16,S0IC-15 $2232 


1 Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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@ Modern high-speed  digital-to-analog 


converters, fabricated on submicron 
CMOS or BiCMOS processes, have 
reached new performance levels with 
update rates of |OOMSPS and resolutions 
of 14- or even 16-bit. In order to realize 
such high update rates and resolutions, 
the DACs employ a current-steering 
architecture with segmented current 
sources. The core element within the 
monolithic DAC is the current source 
array designed to deliver the full-scale 
Output current, typically 20mA. An inter- 
nal decoder addresses the differential 
current switches each time the DAC is 
updated. Steering the currents from all 
Current sources to either of the differential 
outputs forms a corresponding signal 
Output current. Differential signaling is 
used to improve the dynamic performance 
while reducing the output voltage swing 
that is developed across the load resis- 
tors. Ideally, this signal voltage amplitude 
should be as small as possible to maintain 
optimum linearity of the digital-to-analog 
converter. The upper limit of this signal 
voltage and consequently the load resist- 
ance is defined by the output voltage 
compliance specification. 


The segmented current-steering archi- 


Design Considerations 

Update Rate — the rate at which the 
Digital-to-Analog converter changes its 
signal output as a result of an update of 
the internal DAC latch. Often, the update 
rate Is equivalent to the applied clock 
frequency. 


Output Voltage Compliance, Veg — For 
a current-outoput DAC, the maximum 
(output) voltage that can develop at the 
output terminals for which the device will 
provide the specified performance. 
Exceeding the compliance limit. will 
cause nonlinear performance resulting in 
a rapid increase in signal distortion. 


Glitch Impulse — a time domain specifi- 
cation describing the switching transient 
occurring at the DAC output during a 
code change. Glitch impulse specifies 
the time integral (area) of the analog 
value of the glitch transient, and is usually 
provided in units of pV-sec. 


DACs by Architecture: Current Steering 


ACPR — the Adjacent Channel Power 
Ratio compares the signal power trans- 
mitted in-band to the power leaking into 
the adjacent (out-of-band) channels. It 
relates to regulatory requirements of 
meeting a certain spectral mask for the 
total transmitted power. 


intermodulation Distortion (IMD) — the 
two-tone IMD is the ratio of either funda- 
mental tone to the worst 3rd order (or 
higher) product. Typically, the 3rd order 
harmonic products are dominant and with 
their location close to the fundamental 
they are difficult to be filtered out. 


Sinx/x Roll-off — with the digital-to-analog 
converter being a sampled system, the 
sinx/x roll-off describes the attenuation of 
the output spectrum resulting from the 
DAC's zero-order hold response. 


_ Output 
mug Current 
| Switches 


Current 
Source 
Array 


tecture leads to a significant reduction in . _ | Control a _ 
circuit complexity and consequently in i Amp_ 
reduced glitch energy. This translates ok . 
into an overall improvement of the DAC’s 
linearity and ac performance. As new 
system architectures require the synthe- 
sis of output frequencies in the 10s of 
MHz, an approach often referred to as 
“direct-IF’ achieves high update rates 
while maintaining excellent dynamic 
performance. 


Input Latches 
and Logic Control 


CLK Data Input 
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Current Steering DACs 


DAC2932 | 12-bit, 40MSPS, Ipyr DAC 


Get samples and datasheets at: www.ti.com/sc/device/DAC2932 


The DAC2932 is a dual, 12-bit current-output DAC designed to combine the features of Key Features 
high dynamic range and very low power consumption. In addition, the DAC2932 e Dual 4OMSPS DAC 
features four 12-bit DACs, which can be used to perform system control functions. e Single supply: 2.7V to 3.3V s 
Advanced segmentation architecture of the DAC2932 is optimized to provide high e Low power: 25mW 
SFDR, which results in a very low glitch of only 5p\V-s. e Includes four 12-bit string DACs 
e High SFDR 
DAC2932 Functional Block Diagram e Internal reference 
24) _ e Optional external reference: 
a Adjustable Full-scale 
—— Range: 0.5 to 2mA 
BAC Guitehar a ¢ Packaging: 48-lead TOFP 
Current 0 lour1 


_ Sources 
REF yy O— | DAC2-Switches 


+V, AGND 


———Oloyr2 Applications 
. e Transmit channel: 
PCA card modems: GPRS, CDMA 
ee megegens = | ] Wireless network card (NIC) 
DIN O— te ots e Signal synthesis (SS) 
a ~ SEN e Direct digital synthesis (DDS) 
_ e Portable medical instrumentation 


* Planned availability 2nd half 2003 


ey i Reser DO CLK 


Current Steering DACs Selection Guide 


| Settling | 


| Device! 


ee a iit 
— 3105.5 310 TOFP-48 = «$20.19 


5 
3 271055 170 $0-28,TSSOP-28 $8.00 
Pi4 i $$ #7 30 5.5 175  - $0-28, TSSOP-28 = $8.00 
2 
3 


‘THS567IA—s 14 35 
DAC2932 12 25 
DAC902 12 30 
‘THS5661A 12 35 
DAC2900 10 30 
THS5651A ~— 10 35 
we 6Ume lr lO 
TLC5602 8 30 

es TC 


2.7 to 3.3 25 TOFP-48 $7.95 
5 == 626 —-3t0 5.5 310 TOFP-48 $15.41 
P12 200 1.75 2.5 2.7 to 5.5 170 S0-28, TSSOP-28 $6.25 
— Ff 4 3 to 5.5 175 S0-28, TSSOP-28  —«- $6.25 

2xP10 125 1 1 3 to 5.5 310 TOFP-48 $9.19 
ft  . a 1 271055 | 170 $O-28, TSSOP-28 $4.25 

: 1 31055 175 S0-28, TSSOP-28 $4.25 

Pa lO tsi<“‘<‘ ‘a SH :C*C*C‘C “CCT 170 S0-28, TSSOP-28 $3.00 
PB 30 05 as 475to5.25 80 SOIC-20 $1.44 
io = ae CC S0-28, TSSOP-28 $3.00 


— = ee eet fe el NON ll Ml 
: rok 
nN 
— 
N 
ol 
ht 
ol 


1Preview devices appear in BOLD BLUE. 2Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Special Function Data Converters: MicroSystems 


@ MicroSystem products combine the use 


of a well established microcontroller core, 
with best-of-class analog performance. 
The microcontroller core and the analog 
core are integrated together with high- 
performance peripherals to make a highly 
integrated system solution. Therefore, 
MicroSystem products fit well with 
applications that require high analog 
performance and high integration. 


Integration plays a critical role in high- 
precision systems. Integration can solve 
technical problems such as_ reducing 
system level performance problems, 
noise, interference, interface and layout 
issues. Integration can also reduce the 
research and development time by simpli- 
fying the parts search, prototyping, and 
design. Furthermore, the key performance 
parameters of the system are localized, 
making development and debug more 
efficient. The benefit is a more robust, 
reliable and predictable system. 


The technical information and design 
considerations for the analog cores, 
described in other sections, which are 
integrated into the MicroSystem product, still 
apply. However, the MicroSystem products 
offer increased flexibility in controlling 
these parameters to meet the specific 
needs of the application. For instance, 
with the delta-sigma ADC, the modulator 
clock can be controlled directly to make 
speed versus resolution trade offs. This 
makes the MicroSystem product a powerful, 
customizable solution. 


Design Considerations 
(see data converter architecture section) 


MIPS — Millions of Instructions 
Per Second. 


Instruction Cycle — The length of time 
required to fetch, decode, execute, and 
store the result of an instruction. 


Endurance — Flash endurance is defined 
as the number of erase/write cycles that 
the memory can withstand without a failure. 


Technical Information 

In most systems, analog data cannot be 
used directly from the converter, it must 
be processed. The use of a microcontroller 
with the analog makes processing of this 
data possible. 


The amount and type of processing 
depends on the application. For instance, 
the 8051 microcontroller is widely used in 
industrial applications. This is due to the 
fact that the architecture is a good match 
for many of the industrial applications, 
there is a wide variety of support tools, 
and the core has been in the industry a 
very long time. 


On the analog side, the delta-sigma ADC 
has been widely used in industrial applica- 
tions due to the fact that it provides the 
highest accuracy for DC measurement of 
any converter. 


However, combining these two cores 
demonstrates some of the integration 
problems with high-performance systems. 
The 8051 CPU has an 8&bit data bus, 
whereas many delta-sigma ADCs have a 
24-bit result. So, accessing the ADC data 
requires three distinct data transfers. In 
addition, data processing requires even 
more bandwidth from the CPU. The 
MicroSystem products solve these 
problems through two methods. The first 
method is with a faster instruction cycle. 
The instruction cycle time is three times 
faster than the standard 8051 instruction 
cycle. The second method is through the 
implementation of a 32-bit accumulator, 
which can be accessed by either the ADC 
or CPU. This allows the ADC results to be 
manipulated independently through the 
accumulator, which improves the efficiency 
of data manipulations. This greatly increases 
the overall system throughput for data 
manipulation, such as averaging or filtering. 
The net benefit is that the real processing 
throughput of MicroSystem products is 
much higher than what the MIPS of the 
device would indicate. 


Additional flexibility is offered with the 
memory. The SRAM can be mapped into 
data memory or shared with program 
memory (von-Neumann). The on-chip 
Flash memory can be mapped into either 
program or data memory space. Hence, 
the endurance has been increased to 
accommodate use as data memory. 
In addition, the Flash memory can be 
programmed through a parallel interface, 
serial interface, or directly by the user appli- 
cation code. The direct user application fea- 
ture is made possible by the unique ability 
of the MicroSystem product to modify its 
own program memory. 


Once the data is processed, then the 
information can be transferred as either an 
analog output or digital output. The 
MicroSystem family offers linear DAC outputs 
for analog output and control. For digital 
output, the data can be transferred via a 
PVVM or serial interface. 


Serial interfaces are robust. The SPI 
supports transfer rates up to 1/2 the 
external clock speed. The SPI can be run 
through a FIFO which provides for more 
efficient data transfers without requiring 
CPU overhead. 


The list of analog features on MicroSystem 
products is long: ADC, DAC, multiplexer, 
burn-out detect, selectable buffered input, 
offset DAC, PGA, precision on-chip voltage 
reference, on-chip temperature sensor, 
low voltage detect, and a brown-out reset. 


The list of digital features includes a 
CPU, Flash memory, SRAM, multiple I/O 
ports, external memory capability, a 
32-bit accumulator/shifter, dual UARTs, 
3 timers/counters, SPI, 12C and a watch- 
dog timer. 
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MicroSystems 


MSC1211 | Lowest Noise Precision Data-Acquisition System-on-a-Chip © 
Get samples, datasheets and EVMs at: www.ti.com/msc | 

The MSC1211 utilizes an enhanced 8051 core with on-chip Flash memory in combination Key Features ' 
with high-performance analog and peripherals to achieve unparalleled system performance. e 24-bit ADC with no missing codes 

The integration of the analog and digital cores gives the ability to customize the device e 22-bits effective resolution 

to meet specific requirements. It would be extremely costly and difficult to achieve this e 8 differential/single-ended analog inputs ’ 
same level of flexibility and performance using multiple devices. The noise performance e 8051-compatible with up to 

of the ADC is better than most stand-alone ADCs on the market and is significantly better 8MIPS operation 

than any comparable mixed-signal device available. The accuracy and drift of the Vper Is e Up to 32kB on-chip Flash 

orders of magnitude better than other integrated peripherals, pushing the performance program memory 

envelope of digital processing to among the best in the industry. The resolution of the e 32-bit accumulator 

quad DACs is superior to any other ucontroller with data conversion. e PGA = 1 to 128 


e Precision Vr¢er 
e Quad, 16-bit DAC 


e Multi-master |2C 

e Packaging: 64-lead TOFP © 
Applications 

e Portable instrumentation 

e Intelligent sensors 

e Liquid/gas chromatography 


e Weigh scales 
e Remote data acquisition 


MSP430F449 | Ultra-Low-Power Flash MCUs 


Get samples, datasheets and EVMs at: www.ti.com/sc/device/MSP430F449 


With the highest level of analog integration and the industry's lowest power consumption, Key Features 
the MSP430F43x/F44x parts provide complete systems on a chip (SoC) solutions. The e Ultra-low-power Flash MCU with 
easy-to-use MSP-FET430P440 Flash emulation tool is available for $99. high-performance 200kSPS, 12-bit 

ADC and LCD driver on one chip 
MSP430F449—Tl's mixed-signal Flash MCU delivers the world's lowest power SoC ® + Power consumption of <1pA In © 
solution for embedded display applications. standby mode extends battery life 


e Modern 16-bit RISC CPU enables 
new applications at a fraction 
of the code size 
| UART/SPI e |In-system programmable Flash 
permits last-minute code changes, 
field upgrades and data logging 
to Flash 


Applications 

e Utility metering 

e Intelligent sensing 

e Portable instrumentation 


a 
oO 
so = 
= = 
£2 
= 


26 Data Converter Selection Guide Texas Instruments 20 2003 


8051-Based Intelligent AX Selection Guide 


| ADC | Sample} Number of | : | Program | Program | - 
Res. | Rate Input Input Voltage CPU Memory | ‘Memory — SRAM Power 
Device! (Bits) | (kSPS)| Channels (V) | Vrcr | Core} (kB) | Type | (kB) |  (mWy/) its) | Pric 
MSC1200¥2 24 1 8Diff/8SE  PGA(1-128),+25 Int 8051 4 Hat 4127-595 8-bit IDAC $5.95 
MSCi200Y3. 24 1s 8 Diff/8SE PGA(1-128),+25 Int WS 0 8 es ee 8-bitIDAC $6.45 
MSC1210Y2 24 1 I FGA(I-128), £25 [nt 8051 4 Flash 1 4 /2.7-5.25 16-bit PWM $8.95 
1 
1 


’ MSCI210Y3 24 1  8Diff/8SE PGA(I-128),+25 Int | co 16-bitPWM $9.85 
MSC1210Y4 —.24 C 8 Diff /8 SE —PGA(1-128),+2.5 Int 8051 16 Flash 1.2 4 / 2.7-5.25 16-bitPWM — $10.74 
MSCI210Y5 241s Diff/8SE PGA , 
‘ MSC1211¥23 24 


1178), 425 int 805i 32 igh 12 = =4/27535 16-bitPWM $11.99 
| SC UGSE PGA(I-128)225 Int © 8051 4 Flash 12 4/27-5.25 4x16-bit /VDAC $16.65 
MSC1211¥33) 24s 1S SDiff/8SE PGA(1-128),+25 Int 8051 — fat 2 4/27-5.25  4x16-bit VDAC $17.20 
MSC1211¥4 24 =} 8 Diff/8 SE PGA (1-128),+2.5 Int 8051 16 Flash 12 4/27-5.25 4x16-bit /VDAC $18.45 
MSCIZ1IYS) 244 31s BDI/8SE = PGA(I-128), +25 int 9051 932 Flash 12 4/2.7-5.25 4x16-bit /VDAC $19.95 

1 

1 

1 

1 


ae 


MSC1212Y23 = 24 8Diff/8SE PGA(1-128),+25 Int 8051 4 Flash 1.2 4/2.7-5.25 4x16-bit /VDAC_ $16.15 
MSC1212Y33 240 1—s Biff /8SE PGA (1-128), +25. 80 6 CO 12 4/2.7-5.25  4x16-bit /VDAC $16.70 
MSC1212Y43 = 24 _-8Diff/8SE PGA(1-128),+25 Int 8051 16 Flash 12 4/2.7-5.25  4x16-bit /VDAC $17.95 
MSC1212Y53 241s 8 Diff / 8 SE. PGA (1-128),+25 Int 8051 a2 Fash 33s 12 4/2.7-5.25  4x16-bit (VDAC $19.45 


MSP430F1101A 1 
MSP430F1111A—s_2 
MSP430F1121A 4 
‘MSP430F1122 4 
MSP430F1132 : we uw 
8 
8 


| X -SOIC, 20-TSSOP, 20-TVSOP 24-QFN — $0.99 
| || |. Slope —  20-SOIC, 20-TSSOP, 20-TVSOP, 24-OFN — $1.34 
X Slope  —  20-SOIC, 20-TSSOP, 20-TVSOP 24-OFN ‘$1.74 


: KX -—- =— = FO -— 20-SOIC, 20-TSSOP $2.24 

— — KR -— = =— F - 20-SOIC, 20-TSSOP $2.48 
X 
X 


‘MSP430F1222 
MSP430F1232 
MSP430F133 ae - 
MSP430F135 6 82 a 
MSPORM? = 2 ta 
MSP430F148 = 48S 2048 «48 — 
MSPROrFIS 8 
‘MSP430F155 6 52 42 
MSP430F156 
MSP430F157 a2 iM 
MSP430F167 2 0A 26 
MSP430F168 48 
MSP430F169 0 


-— — -— BE —_ __ 28-S0IC, 28-1SSOP $2.62 
— Oe = 28-SOIC, 28-TSSOP $2.79 
A 82 — 64-LOFP $2.96 
KR 8/2 — 64-LQFP $3.55 
xX wo — _ 64-L0RP $4.95 
x 2 a 64-LOFP $5.65 
K 82 64-LQFP, 64-TOFP $5.95 
X 
X 
X 
X 
X 


64-LOFP $4.95 
64-LOFP $5.65 
64-LOFP $5.85 
64-LOFP $6.73 
64-LOFP $7.45 
64-LOFP 


me >< OOO Oe Oe OO Oe ee 
me >< P< Pe >< ee Oe oO = 


me >< > >< OO OO Oe Oe Cd 


$7.95 


‘MSP430F412 4256 48 «96 X = 64-LOFP $2.55 
MSPAUHIG = «6 GK CK 


>< 
>< 
” 
> Oo 
oS 
D 


oe xX KS — A x. : | 64-LOFP $2.90 

MO a eK lt UC lL a 8 ll 80-LOFP $4.40 
160 100-LOFP 

eee lll aaa ae $4.65 
oe rt—“‘<COOOCOCONWCOO#OCisa«Cizsi‘C(iC‘(‘CCOC*s# 100-LOFP 

a 80-LOFP, $4.85 
160 100-LOFP 

lea Cc ee occa ai 

Mees a le hl le ee 100-LOFP $6.40 

Meparee aas e — : 1000-LOFP $6.95 


~< 
Pas 
| 
| 
| 
~< 
~ 
| 
| 
>< 
| 


_MSP430F436 


as 


~< 
~< 
~< 
Nm 
| 
>< 
o 
~< 
~< 
= 
Bh 
| 


qt li B i d 6 m _ Core lo _ 
Devicet | Lu Vords)| Loader | Memory Dt __| Supply | Supply | Price? 


oo : | 16 Ch a CAN, McBSP, SPI, 2 SCls 1.8 3.0 $39.84 
1 | ek Flash _ (Yes . 5 -16Ch 3 CAN, McBSP SPI, 2 SCis 1.8 30 $50.94 
1New ee appear in BOLD RED. Preview devices appear in BOLD BLUE. Suggested resale price in U.S. dollars in quantities of 10,000. For current pricing, 


visit www.ti.com %MSC1211 includes four 16-bit DACs. All four DACs default to ‘voltage out" or alternately up to two DACs can be configured as “current out". MSC1211 
and MSC1212 are pin compatible with the MSC1210 except for use of the extra features. 4All devices support industrial temperature range. 
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Special Function Data Converters: Analog Monitoring/Control 


Data acquisition system products from 
Tl come with a reputation for high 
performance and integration along with 
the design flexibility required for a broad 
range of applications such as motor 
control, smart sensors, low-power control, 
instrumentation systems, tunable lasers 
and optical power monitoring. 


For motor speed control and three-phase 
power control, Tl offers the VECANAO1. It 
is a 10-channel, 12-bit data acquisition 
system featuring simultaneous serial 
outputs for high-speed data transfer and 
data processing. 


The ADS7870 and ADS7871 are complete, 
low-power data acquisition systems on 


a single chip and are ideal for portable 
and battery-powered applications. The 
ADS7870 is complete with 12-bit ADC 
with MUX, PGA, internal reference and 
fast serial interface. 


AMC7820 | Highly Integrated, 12-bit, Analog Monitor and Control 


Get samples, datasheets, application notes and EVMs at: www.ti.com/sc/device/AMC7820 


The AMC7820 is a high-performance, space-saving monitoring and control solution for 
DWDM or general purpose data-acquisition applications. The industry's first single-chip 
solution integrates ADC, DAC, operational amplifiers and an efficient serial interface to 


the host processor. 


AMC7820 Block Diagram 


8-Channel MUX 


SPI 
ix Interface 
——1/ eis 
- __ Control 


Analog Monitoring and Control ADCs Selection Guide 


|_| Sample | Number of 
_ | | Res | Rate Input 

Device’ | (Bits) | (kSPS) | Channels? 
ADSI216 = 4 8B SE/8DI 


VECANAO1 


Interface 


INew products appear in BOLD RED. Preview devices appear in BOLD BLUE. 


Input Voltage =| 
_ Veer |  (%) 
Int /Ext 0.0015 


Int/Ext 0.0015 


| Linearity NMC? 
(Bits) | (dB) (mW) | Pa 


Key Features 

e 100kSPS sampling rate 12-bit ADC 
Eight single-ended input channels 

e Three 12-bit, 3us settling DACs 

e Nine precision operational amplifiers 
e Thermistor excitation current source 
e SPI™ serial interface 

e Low power: 6GOmW (+3V to +5V logic) 
e Internal +2.5V reference 

e Packaging: 48-lead TOFP 


Applications 

e Thermoelectric cooler and pump laser 
control in EDFA and Raman amplifier 

e Tunable lasers 

e Monitoring and control 

e General data acquisition 


SINAD | Power 1 


2.63 
a 
225 
225. 


4Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Texas Instruments offers a broad line of 
low-power, highly integrated leading edge 
voice coding solutions for wireless com- 
munications, VoIP telematic systems, 
hands-free kits, digital handset/headset, 
voice recognition and hearing aids. 


Special Function Data Converters: Voiceband Codecs 


16-bit linear DSP codecs offer the highest 
performance and most flexibility in voice 
digitization and serial interface to DSP 
PCM codecs perform standard A-law/ 
U-law encoding (ADC) and decoding 
(DAC) on voice at 8kSPS sampling 


rate. Tl’s ultra-low-power codecs are the 
lowest power voice codecs in the industry. 


TLv320A1€20, tiv320A1C21 | Programmable Dual 16-bit Linear DSP Codec 


Get samples, datasheets, application notes and EVMs at: 
www.ti.com/sc/device/TLV320AIC20 or www.ti.com/sc/device/TLV320AIC21 


The TLv320AIC20 is a true low-cost, low-power, highly integrated, high-performance, 
dual voice codec designed with new technological advances. It features two 16-bit ADC 
channels and two 16-bit DAC channels, which can be connected to a handset, headset, 
speaker, microphone or a subscriber line via a programmable analog crosspoint. The 
TLV320AIC20's SMARTDM"™ serial port optimizes the multichannel buffered serial port 


(VICcBSP) operation of the DSP 
TLv320AIC20 Functional Block Diagram 


SPKO+ 
SPKO- 


Speaker 
8-Q Output 


LINEO+ 


Line Out 
600-Q 


LINEO- 


HNSO+ 
HNSO- 


Handset 
150-Q Output 


HNSI+ 


Handset 
Input 


HNSI- 


HDSO+ 
HDSO- 
HDSI+ 
HDSI- 


MICI+ 


Input 


MICI- 


LINEI+ 


Line Microphone 


Input 


LINEI- 


CIDI+ 
CIDI- 


MICBAS 


LCDAC 


MCLK FSD Dour Dn 


SCLK FS M/S 


SMARTDM™ 
Serial Ports 


SDA SCL 
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Key Features 
e Two 16-bit oversampling AX ADCs 
¢ Two 16-bit oversampling AX DACs 
e Programmable sampling rate up 
to 26kSPS with IIR/FIR on chip 
e Support maximum master clock 
of 1OOMHz 
e Built-in functions: 
Analog and digital sidetone 
Anti-aliasing filter (AAF) 
Programmable |/O gain control (PGA) 
Microphone, handset, headset 
amplifiers 
8Q speaker driver 
Power management with hardware 
and software powerdown modes to 
S0uUW 
e 81dB SNR for ADC and 78dB SNR for 
DAC over 13kHz BW 
e Fully compatible with Tl TMS320C54x™ 
DSP power supplies: 
1.65V to 1.95V digital core power 
1.1V to 3.6V digital 1/0 (AlC21) 
2./V to 3.6V analog 
e Power dissipation: 
20mMW at 3V in standard operation 
30mW at 3V with headset/ 
handset drivers 
Packaging: 48-lead TOFP 


Applications 

e VoIP 

e Hands-free kit 

e Voice recognition 
e Speaker phones 
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Voiceband Codecs 


Product 
Preview 


AIC111 | microPower Audio Codec 


Get samples and datasheets at: www.ti.com/sc/device/AIC111 


The AIC111 is a microPower DSP or microcontrollercompatible audio codec that provides 
a high-performance analog interface solution for applications such as personal medical 
devices—hearing aids, aural preprocessing—and low-power headsets. The AIC111 
supports a 1.3V CMOS digital SPI interface, and includes an external microphone 
supply and bias, and low battery monitor and indicator. 


VMID_FILT 
SUB_VSS 


VRFILT 


AVINP 
AVINM 


VOUT_P 


Driver VOUT_M 


MIC_VSUP 


MIC_BIAS RST/LBM 


| Generator | Digital 

interface 
Output 

_ Buffers VDD_OSC 


Oscillator 
| VSS_OSC 


Bandgap | 
Reference 7 


VREF_BG 


IMODE | 
SDOUT| 
SDIN 


EXTRST}| 
/PWON | 


* Planned availability 2nd half 2003 


Voiceband Codecs Selection eee 


| Core Power 


“40 Pulse FS SPI™M/DSP 
ici2 1 ##% 90 PulseFS,SMARTDM™ [C,S7% 6 
rivs00AIC13 1 26 90 Pulse FS,SMARTDM _ ([2C, S2C 
‘tw0AICl4 = 1—Ssi26-~Ss 90s Pulse FS, SMARTDM IPC, S7C_ 
TLv320AIC15 1 26 90 I2C, S2C 
2 


| Supply 
(Digital/Analog) | 
VV 

1.1 to 1.5 


1.8 / 2.7 to 3.6 


Pulse FS, SMARTDM 1.8/2.7t036 
Tiv320AIC20° 6 90 Pulse FS,SMARTDM  /C, Se (2) 
TLV320AIC21 26 90 Pulse FS, SMARTDM _ I2C, S2C 600 (1, 150 (2), a(t) 
‘Tiv320AIC24 : Pulse FS,SMARTDM I2C,S2C_~— 600 (1), 150 (2) 
TLv320AIC25 Pulse FS, rane PC, S2C — 150 on 
-TLv320AIC10 Frame,PulseFS  § S7¢  G00(2) 
TLV320AIC11 oo. Pulse ao - 600 (2) 
quca0ADS45 ne oe 8(1 
TLv320A1C1103 5 “Pulse FS, A/u- LAW 
qwawAIC1106 1 45 Pulse FS,p-LAW 
TLV320A1C1107 45 Pulse ee A- LAW 
‘TLV320A1C1109 ‘45 Pulse FS, A/y-LAW - 
TLV320AIC1110 Pulse FS, Ay-LAW 


1New products appear in BOLD RED. Preview devices appear in BOLD BLUE. 


1.8 / 2.7 to 3.6 
- 18/271036 
1.8 / 2.7 to 3.6 
 3te55 | 
3 to 5.5 
7 3 — 
2.710 33. 


Z71032 


2./ to 3.3 


7 8 (2 


- Logic 


2 48/27 se 
| 18/27m36 27d6 = 
2.80) 18/2736 271036 20 
27036) | 


tes 


Parse” areas 


Key Features 
e 400uW full power operation at 
1.3V supply 
e ADC specifications: 
Dynamic range: 87dB 
THD: 73dB at 100Hz to 10kHz 
Sample rate: 40kSPS 
e Low noise PGA/Gain compressor 
front end 
e On-chip low-jitter oscillator generates 
all internal clocks and generates 
5BMHz output DSP/uC clock 
e SPI interface supports 
TMS320VC540x, TMS320VC550x 
DSP protocol and MSP4330F 12x 
microcontroller protocol 
e H-bridge output stage for efficient 
output speaker drive 
e 1.3V nominal power supply 
e Packaging: 32-lead QFN or 
FlioChip bare die 


Applications 
e Personal medical devices 
e Low-power headset applications 


_ Power 

_ | Dissipation 
YO | (w/o spkr) 
_ (Vv) | (mW) 

1.1 to 3.6 0.4 
Ges 
1.1 to 3.6 10 


Package 
OFN-32, dione 
TSSOP-30 
TSSOP-30 
TSSOP-30 
TSSOP-30 
TOFP-48 
TOFP-48 
TOFP-48 
TOFP-48 
- TOFP-48, VFBGA-80 $2.11. 
TOFP-48 $2.11 
TOFP-48 = $2.97 
TOFP-32, VFBGA-80 $2.65 
“Tesoro 
___TSSOP-20 
ToFP-32 
TOFP-32, VFBGA-80 


$5.95 
$2.75 
$2.95 
$2.35 
$2.70 
$3.50. 
$3.70 
$3.40. 
$3.60 


1.1 to 3.6 10 
1.1 to 3.6 20 
1.1 to 3.6 20 


1.1 to 5.5 39 

3 3to5 | 4 : 
27 139 8102 
4 a ibe 4 
2.7 103.3. 


2.7 to 3.3 


2Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Special Function Data Converters: Touch Screen Controllers 


@ Texas Instruments offers a progressively consumer applications such as PDAs, with touch-screen/audio processors, 
integrated, market-leading portfolio of internet appliances and Smartphones. keypad, and other application specific 
low-power, high-performance resistive These are simple 4- and 5-wire discrete functions. 
touch screen interface/controllers for solutions, and highly integrated devices 


Touch Screen Controllers ere ate 


/ P. Interface | Features idio 1/0 | Package Price2 
ADS7843 4-Wire 12 (8) Up to 125 ri X, Y, Aux SSOP-16 $1.67 
. TCO Ae : SSOP-16 $4.00 
ADS7846 -Wi Up to 125 Serial, SPI x, y Pressure, Aux, SSOP-16, TSSOP-16 $1.92 
Voar, Temp QFN-16, BGA-16 


mas 7 onal eae ghia _ as ape ss. somttacen _ repr 
ina me 


: i: pe 


TSc2003 4 


___ : hl beets rti“‘(i‘“CiéCOC*CW 
Up to 125 ia / 128 Processor, xX, Y recs 2 P ipite Int Analog: 2.7-3.6 TSSOP-32, QFN-32 $3.95 
| Veat, lemp, Aux, Audio 2 Outputs Logic: 1.525-1.95 
(Stereo DAC+HP, Mono ADC), lOVpp: 2.7-3.6 

a 


TSC2100 8 10, 12 


——OFN-4B $A.95. 


TSC2102_ ‘AWire 8, 10, 12 : Up to 125 - Serial, SPI/ 12S — Processor, X, Y, Pressure 2 Outputs Int | peer 27- 3.6 TSSOP-32. - $3.50 
Veat, temp, Aux, Audio Logic: 1.525-1.95 
(Stereo DAC+HP), PLL codes 2. T- 3. 6 


_ TSSOP-28, OFN- wae $2.29 


TS€2300 4-Wire 8,10,12 Upto125 Serial, SPI/I2S Processor, X,Y, Pressure, 3Inputs, Int 2.1 to 3.6 TOFP-64 $4.50 
Veat, Temp, Aux, Audio 5 Outputs 
(Stereo DAC+HP, Mono ADC) 
FL DAC, oo. : . 


1 oe 


TSC2302 4-Wire 8,10,12 Upto125 Serial, SPI/ (2S Processor, X, y, Pressure, 3 Inputs, Int 2.7 to 3.6 QFN-48 $4.50 
Vpat, Temp, Aux, Audio = 3 Outputs 
(Stereo Audio Codec+HP), 
PLL, DAC 


1New products appear in BOLD RED. Preview devices appear in BOLD BLUE. 
2Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Touch Screen Controllers 


TSC2101 | Programmable Touch Screen Controller with Audio Codec and Speaker Amp @e-0s @ 


Get samples and datasheets at: www.ti.com/sc/device/TSC2101 


The TSC2101 is a highly integrated combination of "smart" touch screen controller and 
audio functionality, intended primarily for Smartphone™ applications. The "smart’ touch 
screen controller includes 12-bit ADC, drivers for 4-wire resistive touch screens, 
programmable reference, and auxiliary/battery monitoring, with extensive programmability; 
ie; ADC resolution, averaging, and analog timing control. The audio subsystem of the 
TSC2101 includes a stereo DAC and mono ADC with hardware automatic gain control, 
stereo 16Q headphone drivers, a 32Q phone receiver driver, a bridge-terminated 
8Q speaker driver, and a mono output. Six analog inputs are available, and can be 
configured for either single-ended or fully-differential operation. In addition, a fully 
programmable PLL allows highly flexible generation of audio clocks from any applied 
master clock in the range of 2 to 50MHz. The part uses a serial SPI™ bus for touch 
screen, measurement, and audio control, and an |2S bus for audio data transfer. 


TSC2101 Block Diagram 


Touch 
Panel 
Drivers 


Internal 2.5V | 
eference | 


Battery 
Monitor 


uch Screen Processing 
and SPI Interface 


- Temp Sensor | 


“” 
= 
e 
cS 
= 
be 
a 
an 
@ 
a) 
© 
hes 
Q.. 
Zz 
= 
co 
<—t 


Preview 


Key Features 

e 4-wire touch screen interface 
with drivers 

e Programmable self-controlled timing 
generation for conversions 

e Programmable measurement 
conversion resolution (up to 12-bits) and 
averaging 

e On-chip temperature and battery 
measurement (up to 6V) 

e Stereo audio DAC and mono audio ADC 
with hardware automatic gain control, 0 
(AGC) up to 48kSPS 

e Stereo 16Q headphone drivers, mono 
8Q speaker driver, mono 32Q receiver 
driver, and mono line output 

e Six audio inputs can be configured 
for single-ended or fully-differential 
operation 

e SPI™ interface for control, 12S bus 
for audio data 

e Packaging: 48-lead 7x7mm OFN 


Applications 

e Smartohones and PDAs 
e Cellular phones 

e MP3 players 


* Planned availability 2nd half 2003 
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Touch Screen Controllers 


@ T$€2300, TS€2301, TSC2302 | Programmable Touch Screen Controllers with Integrated Audio Codec 


Get samples, datasheets, application notes and EVMs at: www.ti.com/sc/device/TSC2300, 


www.ti.com/sc/device/TSC2301 or www.ti.com/sc/device/TSC2302 


The TSC2300, TSC2301 and TSC2302 are highly integrated touch screen controllers 
with built-in audio codec. All parts contain a complete 12-bit ADC with 4-wire, resistive 
touch screen drivers and include touch pressure, battery and temperature measure- 
ment capability, as well as an 8-bit DAC for LCD contrast control. Combined with these 
functions is an on-chip processor that enables the parts to perform autonomous 
operation without host intervention, except to read data registers. 


These products feature 20-bit, 48kSPS audio codecs with built-in microphone pre-amp, 
programmable gain amplifiers, 98dB SNR performance and stereo headphone amplifiers 
capable of driving 16Q loads. The TSC2300 and TSC2301 additionally include a 4x4 key- 
pad controller as well as a crystal oscillator, six GPIO lines, a differential mono audio 
output, and stereo line inputs and outputs. 


TSC2301, 4-Wire Programmable Touch Screen Controller with Audio Codec 


Analog Digital 
Audio Audio 
| Processing | Processing 
and 
rs 


Interface 


Touch Panel 
Drivers 


Temp Sensor 


Battery Monitor 


Battery Monitor 


nd State Control 


Key Features 


4-wire touch screen interface and 

4 x 4 keypad interface 

(TSC2300, TSC2301) 

On-chip touch screen processor 

Integrated 20-bit, 48kSPS stereo 

audio codec (TSC2301) 

Ratiometric conversion 

Single 2.7 to 3.6V supply 

Serial interface 

Internal detection of screen touch 

and keypad 

Programmable 8-, 10- or 12-bit resolution 

Programmable sampling rate 

Direct battery measurement: up to 6V 

On-chip temperature measurement 

Touch pressure measurement 

Full powerdown control 

GPIO) 

8-bit DAC 

Packaging: 
TSC2300, TSC2301: 64-lead TOFP 
TSC2301: 120-ball 6x6mm 
MicroStar Junior™ BGA 
TSC2302: 48-lead 7x7mm OFN 


Applications 


PDAs 
Smartphones 
Internet appliances 
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Special Function Data Converters: Audio ADCs and DACs 


The professional audio market is focused Audio Recording Application 
on the recording, signal processing and 
playback of high-quality audio signals in 


both the analog and digital domain. 


+48 V ——-® 


Mic 
In 
ICs designed for the high-performance 


professional audio space _ include XLR 
programmable analog volume controls, 

audio data converters and digital interface 

products. These products are the basic Mic 
building blocks of pro audio systems and In 
with TI's growing line of products com- 

bined with many years of expertise, your 

designs will achieve new levels of sound 
excellence. 


PCM4202 | High-Performance 24-bit, 192kHz, Stereo Audio ADC 
Get samples, datasheets and EVMs at: www.ti.com/sc/device/PCM4202 


The PCM4202 is a high-performance, stereo ADC designed for professional audio 
applications. It supports 24-bit linear PCM output data with sampling frequencies up to 
192kHz. It can also be configured to output either 64x or 128x oversampled, one-bit 
Direct Stream Digital (DSD) data for both channels. The PCM4202 is also ideal for DVD- 
Audio and Super Audio Compact Disc (SACD) recording applications. 


PCM4202 Block Diagram 


! Decimation © LRCK 
ee Filter | D 
=a Modulator or DSDBCK 


BCK 
or DSDL 


DATA 
or DSDR 


Voltage | 
Reference S/~M 


Decimation © 
Filter 


Clock OSR, 
Control OSR, 


cc Agno Vpp Denp 


Product 


Preview 


— PCM4202 _ 
1010010110 | |  . 

+f. 
To/From 


Audio 
DSP 


To/From 
Audio 
DSP 


1010010110 | 


Key Features 
e Dynamic range: 118dB 
e THD+N: -105dB 
e 24-bit PCM or 1-bit DSD output 
e Supports PCM sampling frequencies 
up to 192kHz 
Supports 64x and 128x DSD outputs 
Fully differential inputs 
e Low power dissipation: 
300mW at fs = 48kHz 
330mMW at f, = 96kKHz 
e Packaging: 28-lead SSOP 


Applications 
e Professional studio equipment: 
Live sound processing 
Studio recording 
Post production 
Radio and TV broadcasting 
Musical instruments 
Special effects processing 
Digital recording 
High-end home entertainment 
e DVD-audio and super audio 
compact disc (SACD) 


* Planned availability 2nd half 2003 
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Audio ADCs and DACs 


@ PCM4104 | High-Performance 24-bit, 192kHz, 4-Channel Audio DAC 


Get samples, datasheets and EVMs at: www.ti.com/sc/device/PCM4104 


The PCM4104 is a high-performance, 4-channel DAC designed for professional audio systems supporting 24-bit linear PCM data and 
sampling frequencies up to 192kHz. Its 8x oversampling digital interpolation filter and multi-level, delta-sigma modulator with switched 
Capacitor output filter provide for excellent dynamic and sonic performance, as well as high tolerance to system clock phase jitter. 


PCM4104 Block Diagram Key Features 
e Accepts 16- to 24-bit PCM audio data 
e¢ Sampling rates up to 192kHz 


| Delta-Sigma ) LRC ° Differential voltage outputs 
| Modulator BCK e Dynamic Range: 120dB 
oe | DATA, ; anes —100dB , 
Filters DATA, tandalone or software 
and controlled configuration 
References SUB 
, e TDM format allows easy interface 
| Delta-Sigma :; 
Modulator to DSP serial ports 
, e +3.3 or +5V supply 
Digital e Packaging: 48-lead TOFP 
Filtering MODE=1 
| RST Applications 
| Delta-Sigm Fs, e Professional mixing consoles 
| Modulator Fs, e Broadcast studio equipment 
, Control 
Output podie FMT, e Effects processors 
Filters FMT, 
and ‘ . a 
References FMT, Planned availability 2nd half 2003 
| DEM, 
_Delta-Sigm 
| Modulator DEM, 
MUTE 
Clock SCKI 


Generation 


Audio ADCs Selection Guide 


Res. | Dynamic} Sampling 
_ : (Bits) | Range Rate | Config- 
Device! ——_'|_ Description ‘| (max) | (dB) | (kHz) (max)| uration} Audio Data Format Package 


43.3 and +5 SSOP-28 $7.95 


‘PCM1804 Al 2S, SSOP-28 $4.95 
CM1802 A>AudioADC 3 Normal,?S 43.3 SSOP-20 $3.15 
PCM1800 = CMOS, Multilevel DS }o tt 2 48 Stereo = Normal, PS 45 SSOP-24 $2.45 
PCM1801 —- Low-Cost Audio ADC 16 93 48 Stereo Normal, 12S +5 S0-14 $2.27 


Preview devices appear in BOLD BLUE. Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Audio DACs and Codecs Selection Guide 


DSD1702 


PCM1737/39 | 
PCM1716/28 


PCM1742K 
PCM1748K 
-PCM1732 
PCM1742 
PCM1748 


PCMI717/18 
PCM1725 


PCM1723 


PCM1727 


PCM/DSD Compatible DAC 


CMOS, Multilevel AX w/Volume Control 
CMOS, Multilevel AX w/Volume Control 
Low-Cost Audio DAC w/Volume Control 
Low-Cost Audio DAC w/Volume Control 


DAC w/ HDCD Filter 


Low-Cost Audio DAC w/Volume Contnel 
Low-Cost Audio DAC w/Volume Control 
Stereo Audio DAC w/ Wide Supply Range 
Low-Cost Audio DAC 
Int. PLL, generate DAD/MPEG Clocks 


Int. VCXO and PLL 


Int. Dual-PLL, for DAD/MPEG Systems 


24 


24 


24 


a 
24 


24 


24 


18 


24 


106 
106 
106 
105 
105 


— 104 


100 
100 
96 
us 
94 
94 
92 


192 
192 
96 
192 
96 
96 
192 
96 
48 
96 
96 


86 


96 


Stereo 


Stereo. 


Stereo 
Stereo 
Stereo 


Stereo 


Stereo 
Stereo 
Stereo 
Stereo 
Stereo 


Stereo 


Stereo 


Normal, 2S 
Normal, 2S 


Normal, |2S _ 


Normal, 2S 
Normal, |2S 
Normal, I@S 
Normal, I2S 


Normal, I2S 


Normal, I2S 


Normal, 12S, DSD 


Normal, |2S 
Normal, 2S 


Normal, |2S 


+3.3 and +5 
+3.3 and +5 
+5 
+3.3 and +5 
+3.3 and +5 
+5 
+3.3 and +5 


$3.3 and +5 


+2.7 to +5.5 
+5 
+5 
+5 


SSOP-20 
SSOP-28 
SSOP-28 


SSOP-16 


SSOP-16 
S0-28 
SSOP-16 
SSOP-16 
SSOP-20 
50-14 
SSOP-24 
SSOP-24 
SSOP-24 


PCM1792 


PCM1793 
‘PCM1794 
DSD1793 
DSD1794 


PCM1738/30 


PCM1791 
PCM1704 


PCM1702P/U 


High-Performance Audio DAC 


_ High-Performance Audio DAC 


Advanced Segment 
Advanced Segment 


Advanced Segment 
Advanced Segment 


Advanced Segment 
Advanced Segment 
BiCMOS, Sign Magnitude 
BiCMOS, Sign Magnitude 


132 
(Mono) 


ut 


113 
13 


(Mono) 


113 


ie 
(Mono) 


117 


13 


112 


6 


192 
192 


192 
192 


192 
192 
192 
192 
768 


=e 


Stereo 


‘(Ach 


Stereo 
Stereo 


Stereo 


Stereo 


Stereo 


Stereo 


Mono 
Mono 


Standard, 

Left Justified 
- Left/Right Justified, 
Normal, [28 
Normal, IS _ 


Normal, 7S 
Normal, |S 


t 


Normal, I2S, DSD 
Normal, I2S° 
Serial Latched 
Serial Latched 


+3.3 and +5 


+3.3 and +5 


+3.3 and +5 
+3.3 and +5 


+3.3 tO +5 


+3.3 and +5 


+3.3 and +5 
+3.3 and +5 


SSOP-28 


TOFP-48 


SSOP-28 
SSOP-28 


SSOP-28 
SSOP-28 


SSOP-28 

SSOP-28 
SOIC-20 
DIP-16/ 

SOP-20 


DSD1608 


PCM1608K 
PCM1604 


PCM1602K 


PCM1606 
PCM1608 - 
PCM1602 


Enhanced Multiformat AX DAC 


CMOS, Multilevel AX © 
CMOS, Multilevel AX 


‘Low-Cost CMOS, Multilevel AX 
Low Cost CMOS, Multilevel AX 
Highly Integrated 8-ch Audio DAC 
Low-Cost CMOS, Multilevel AX 


108 
105° 
105 
105 
103 
100 

100 


192 
192 
192 


192 


192 
192 
192 


8 ch 
8 ch 
6 ch 
6 ch 
6 ch 
8 ch 
6 ch 


Normal, I2S, DSD 


Normal, 12S 


Normal, I2S 


Normal, |2S _ 


Normal, |2S 


Normal, |2S - 


Normal, I2S 


+3.3 and +5 
+3.3 and +5 
+3.3 and +5 
+3.3 and +5 
+5 
+3.3 and +5 
+3.3 and +5 


TQFP-52 
LOFP-48 
LOFP-48 
LOFP-48 
SSOP-20 
LOFP-48 
LOFP-48 


PCM3010 
PCM3000/1 
PCM3500/1 


/Preview devices appear in BOLD BLUE. 


High-Performance Stereo Codec 
Low-Power Codec 


Stereo Audio Codec 


Stereo Audio Codec 


Voice/Modem Mono Codec 


24 
20 
18 
16 
16 


103 
94 
96 
ce 
88 


Low-Power Audio DACs and Codec Selection Guide 


TLV320AI C23 


TLV320DAC23 
~PCM1770/1 — 
PCM1772/3 


Low-Power Codec with Shlal all Amp 


Low-Power Codec 


_ Low-Power DAC with Headphone Amp 
Low-Power DAC with Headphone Amp 


Low-Power DAC with Line Amp 


23 
ts 
6.5 


100 
98 
98 


96/192 
a 


48 


4 


26 


Stereo 
Stereo 
Stereo 
Stereo 
Mono 


96 


96 


48 
48 


24 


24 
24 


Normal, I2S 
Normal, I2S 
Normal 
DSP 


/Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 


Left/Right Justified, 12S 


2.1 to 3.6 


1.5 to 3.3 
1.6 to 3.6 
1.6 to 3.6 


+3.3 and +5 
+2./] to 3.6 
+5 
+2.7 to 3.6 
+2.] to 3.6 


SSOP-24 
SSOP-24 
SSOP-28 
SSOP-24 
SSOP-24 


SSOP-28 
_TSSOP-16, VOFN-20 
TSSOP-16, VOFN-20 


2Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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ute Audio Support Products Selection Guide 


Device’ 


SRC4192 
SRC4193 
SRC4190 


S/W (SPI) 


Highest Performance 


Highest Performance Stereo ASRC 216 


Stereo 
Stereo. 


DF1704 
DF1706 
DIR1703 


192 
96 


Digital Interpolation Filter 
Digital Audio 
Interface Receiver 


Normal, 12S, TDM 
Normal, I2S, TDM 
Normal, 2S, TDM 


Normal, 

Normal, 
AES/EBU, S/PDIF 

IEC60958, EIAJCP1201 


SSOP-28 
SSOP-28 
SSOP-28 


+3.3 $9.95 


is 
Ps 


SSOP-28 
SSOP-28 
SSOP-28 


+5 
+3.3 
+3.3 


$11.08 
$1.78 


+3.3and+5 TSSOP-28 $1.45 


DITA: (Digits AUN eS 8 — AES/EBU, S/PDIF, 
Interface ransmitters _ ~ 1EC60958, EIAJCP1201 
DIT4192 Digital Audio — _ 192 vo AES/EBU, S/PDIF, 


Interface Transmitters 


96 
96 
96 
96 


PLL1706 Dual PLL Multi-Clock Generator 
PLL1707 Dual PLL Multi-Clock Generator 
PLL1708 Dual PLL Multi-Clock Generator 
'Preview devices appear in BOLD BLUE. 


dala joes PWM Processors Selection Guide 


| Dynamic Range — 
100 
96. 
110 


__ THD+N (%, System P. 
<0.08 
<0.08 
<0.01 

008 


32 to 199 
a to 192 
32 to 192 
| ai 
TAS5010 32 to 192 96 <0.08 
To lll 32 to 96 6 <0.08 
1Suggested resale price in 1U. S sales in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.t.com 


TAS5036 
TAS5O26 
TAS5O151 


Pigtie Audio Processors cia Gone 


TAS3002 ce 16 to 24 
TAS3001 80 2 32/56 16 to 24 


0 1Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 


Serial Control 
Parallel Control 

Serial Control 
2Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 


Yes 
No 


433 and+5 TSSOP-28 $1.95 


[EC60958, EIAJCP1201 


$1.20 
$1.20 
$1.30 
$1.30 


SSOP-20 
SSOP-20 
SSOP-20 
SSOP-20 


+3.3 
+3.3 
+3.3 


PQFP-80 
PQFP-64 
PQFP-48 
POFP-48 
PQFP-48 
POFP-48 


16, 20, 24 
16, 20, 24 
16, 20, 24 
16, 20, 24 
16, 20, 24 
16, 20, 24 


POFP-48 
-POFP-48 
PSOP-28 


<0.1 
<0) 
<0.1 
<1. 
<0.08 
— <0.08 | 


$2 to 192 102 
32 to 192 
32 t0 192. 
te 


TAS5112 50 Ww v6 . 
TAS5111 = 70 W (4 Q) 
TAS5101 SOW(6Q) 
TASH SOW) 

TASSIOO «=SOW(6Q) ot 


1Preview devices appear in BOLD BLUE 


(D 


See Web 
See Web 
See Web 
$344 
$3.19 
$3.15 


PowerPAD -56 
PowerPAD-56 
PowerPAD-32, PSOP-36 

PowerPAD-32 

PowerPAD-32 

~ PowerPAD-32 


*suqgasted resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or dataconverter.ti.com 
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Precision Analog: Voltage References 


Primary Design Considerations 
Topologies — Shunt (two-terminal) and 
Series (three-terminal). Shunt references 
are very similar to Zener diodes in opera- 
tion as both require an external resistor 
for biasing. The external resistor deter- 
mines maximum current that can be sup- 
plied to the load. Shunt references should 
be considered when the load is nearly 
constant and power supply variations are 
minimal. Series references do not require 
any external components and they should 
be considered when the load Is variable 
and lower voltage overhead is important. 
They are also more immune to the power 
supply changes than shunt 
references. 


Temperature Drift — Temperature drift is 
the change in output voltage due to the 
temperature change, expressed in ppm/°C. 
Buried Zener type references (é.g., 
REFO2, REF102) typically have a lower 
temperature drift than bandgap type volt- 


age references. Temperature drift can be 
specified in several ways (slope, butterfly 
and box) but the most common way Is 
the box method calculated as: 


TC ppm | _ (Vinax — main? x 10° 
- ey ~ an X Veo 


Secondary Design Considerations 
Initial Accuracy — This parameter is of 
importance in systems where calibration 
is impossible or inconvenient. Usually, it 
is accomplished by the calibration of the 
overall system. Initial accuracy Is specified 
with fixed input voltage and no load 
current (for series type) or fixed bias 
current (for shunt type). 


Long-Term Stability — The output of a 
voltage reference changes gradually as 
time goes by. The greatest change occurs 
in the first 500hr. This parameter can be 
important in high-performance applications 
or in applications where periodic calibration 
is not acceptable. Tl specifies long-term 
Stability data based on the observation 
over 1000hr at room temperature. 


Output Noise — Output noise is usually © 


specified over two frequency ranges: 
0.1Hz to 10Hz (peak-to-peak noise) and 
10Hz to 1kHz (RMS noise). Noise can be 
important because it can reduce dynamic 
range of the acquisition system. High-res- 
olution data acquisition systems may 
experience “dither” in the LSBs due 
solely to reference noise. Noise can be 
reduced by external filtering (REF102 has 
noise reduction pin). 


Technical Information 

e Both fixed and adjustable outputs 
are available. Adjustable output can 
be set via a resistor divider con- 
nected to a reference pin. 


e Shunt references and regulators 
require a minimum biasing current 
to maintain regulation. 


e Available packages include through- 
holes PDIP and TO-92, along with 
surface mount SOIC, TSSOP SOT89 
and SOT23. 


Voltage References Selection Guide 


Long-Term | Noise 
Initial | Drift | Stability | 01to10Hz| Ip 
Accuracy | (ppm/°C) | (ppm/1000hr)| = (yVp-p) | (mA) 
Output (V) | (%)(max)| (max) | (typ) | _ (typ) (max) 
20 to 45 0.05 


1.25, 2.048, 2.5, 2.0 100 24 


Temperature Output 
Range | Current 
(CC) | (mA) 


40 to +125 


Description 
microPower, Bandgap 


Device! 
REF29xx 


Package 
$0T23-3 


: 3.0, 3.3, 4.096 | 
REF31xx — Precision, microPower 1.25, 2.048, 0.2 25 24 15 to 30 0.1 40 to +125 +10 $0T23-3 $0.90 
| 2.5, 4.096 -.. 
| 2/ Low Drift, Low Noise, 5.0 - to )6h6g :_ 4 25 to +85 | . PDIP-8, SOIC-8 $1.65 
_ Buried Zener . | |. 
Low Drift, Low Noise, 5.0 0.13 14 -25to +85 PDIP-8, SOIC-8 $2.27 


Buried Zener — 
Low Drift, Low Noise, 10.0 0.05 5 20 5 1.4 
Buried Zener 


-REF102B 


55 ig 485 PDIP-8, SOIC-8 $4.15 


-REFIO2C 


PDIP-8,SOIC-8 $4.8 


REF200 Dual Current Reference 


With Current Mirror 


Two 100uA +1pA 25 (typ) InAp-p 


Preview devices appear in BOLD BLUE. 


2Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com User selectable. 
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Precision Analog: Operational Amplifiers 


Selecting an input amplifier for a data 
acquisition system requires attention to 
many variables. In addition to the amplifier, 
a data acquisition system includes the 
ADC and a passive conditioning circuit that 
joins the two active devices. 


This conditioning circuit acts as an 
electronic “flywheel” to insure there Is 
enough charge available to satisfy the tran- 
sient needs of the ADC input stage during 
sampling. The signal-conditioning amplifi- 
er, either operational amplifier or instru- 
mentation amplifier, should be selected to 
best serve the signal source. This may 
include special attention to input bias cur- 


parameters such as voltage offset and drift, 
just to name a few. Optimum system 
performance can then be obtained by 
selecting the components for the elec- 
tronic flywheel circuit that bridges the gap 
between the amplifier and the converter. 
The op amps shown below are among the 


Signal 
Conditioning 


most likely choices for the indicated 
conversion speeds and ADC architectures. 
Depending on specific application require- 
ments other amplifiers may _ provide 
improved performance. 


For a complete list of op amps, visit 
amplifier.ti.com 


"Flywheel" 
Conditioning 
Network 


rent, common mode rejection or DC 


Op Amps for ADCs and DACs Selection Guide 


oa (mz) ive 
(max) | (typ) | (typ) | 


OPA350 CMOS, Precision 124 


PDIP, MSOP, 
SOIC, SSOP 


‘OPA353- o SS, Low em N \ 


7 5 05 2 10 17 
© © UD 


OPAa63 18V igh CMR, SHON. ogee 2 8 ee oe 
OPA340. ~=—s- CMOS, Wide Bandwidth — 124 27 =6h Oss 


OPA627 : ede Low THD+N, Wide BW 1 36 


/ Noise, 625124 §¢§ & 


sar MSOP_ ac 


1 8 
90000 


a C—ee 


2300 01 WM 3 ON ON POR SCIE | gto, 


re Low THD-N, DIFET 


sere oe 


S0T23,SOIC $3.75 
‘$0723,S0IC = $1.30 
SOIC,MSOP, _$1.88 
$0T23,SOIC $0.85 
SOIC,MSOP _—$3.35 
MSOP $3.77 
SOIC,MSOP — $2.17 
SO sce |= 37 


OPAG42 | | 2 fa yon 
THS4120/21.Dife 


THS4130/31 


<—_<<<< 


-OPA2822 


e2e26G0. 


1New products appear in BOLD RED. Preview devices appear in BOLD BLUE. 
2Suggested resale price in U.S. dollars in quantities of 1000. For current pricing, visit www.ti.com or amplifier.ti.com 
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Code Composer Studio™ IDE: Data Converter Plug-In (DCP) 


Texas Instruments Data Converter Plug-In 
(DCP) is a free development tool that 
allows the user of Code Composer 
Studio™ Integrated Development Environ- 
ment (IDE) to create initialization data 
and configuration software for T| Data 
Converters. The DCP provides easy-to-use 
windows for "point-and-click" configuration 


of Tl data converters from within an 
integrated develooment environment (IDE), 
preventing Illegal combinations of settings. 
It also automatically creates the necessary 
interface software and data structures as 
C source code and inserts this code into 
the existing user project. The created 
files contain the functions necessary to 


reset and initialize the data converter, © 


read/write sample values and perform 
special functions (like powerdown). 


To download your free 3.2 version of the 
Data Converter Plug-in for Code Composer 
Studio go to: www.ti.com/sc/dcplug-in 
New plug-ins are added quarterly. 


Data Converter fia ‘In (DCP) f for Code e Composer Studio ™ IDE Supported Devices in Version 3.2 


ADS1605 16-Bit, 5MSPS, 1 Channel, 3.3V 1/0, 5V Analog f J J / 
ADS1216/17/18 24-Bit, 0.78kSPS, 8 Channel of 4. 7 ae _ 
ADS1240/41 24-Bit, 15SPS, 4/8 Channel / / — J — 
ADS1251/52 24-Bit, 20/ 40kSPS, 1 Channel 4 v7 4. a. - 
ADS1253/54 24-Bit, 20kSPS, 4 Channel, 1.8-3.6V / 5V_ J J os J = 
ADS7841/44 12-Bit, 200kSPS, 4/8 Channel v _@4 _ a _ 
ADS8320/21 16-Bit, 100kSPS, 1 Channel, 2.7-5V /5V_ 2 / — a _ 
ADS8322/23 16-Bit, 500kSPS, 1 Channel 4. _— J 8 / 
ADS8324 16-Bit, 50kSPS, 1 Channel, 2.7-3V / J — - _ 
ADS8364 16-Bit, 250kHz, 6 Channel < 4 | / — : 
ADS8371 16-Bit, 800kSPS, 1 Channel, < J Z J 4 
THS1007/09 10-Bit, 8MSPS, 4/ 2 Channel < /(l) _— Vv f 
THS10064/82 10-Bit, 8MSPS, 4/ 2 Channel, 16 Word FIFO / Jl) — J y 
THS1206 12-Bit, 6MSPS, 4 Channel, 16 Word FIFO 4 Jl) -—- / fo 
THS1207 12-Bit, 8MSPS, 4 Channel / Jt) = / WA ©} 
THS1209 12-Bit, 8MSPS, 2 Channel 4. Jl) _ vo yf 
THS12082 12-Bit, 8MSPS, 2 Channel, 16 Word FIFO / J") — f J 
THS1401/03/08 14-Bit, 1/3/8MSPS, 1 Channel 4. — — f — 
THS14F01/03 14-Bit, 1/3MSPS, 1 Channel, 32 Word FIFO J — — f is 
TLC1514/18 10-Bit, 400kSPS, 4/8 Channel ft / — iv _ 
TLC2551 12-Bit, 400kSPS, 1 Channel, 5V / / i ~ — 
TLC2552/55 -12-Bit, 175kSPS, 2/1 Channel, 5V ft / _ — a 
TLC2554/58 12-Bit, 400kSPS, 4/8 Channel / J “ a 
TLC2574/78 12-Bit, 200kSPS, 4/8 Channel, 5V 4 / _ —_ - 
TLC3541 14-Bit, 200kSPS, 1 Channel, 5V / J —— / —— r 
TLC3544/48 14-Bit, 200kSPS, 4/8 Channel, 5V 4 / — _ | 
TLC3545 14-Bit, 200kSPS, 1 Channel, 5V / i — J 
TLC3574/78 — 14-Bit, 200kSPS, 4/8 Channel, 5V vf J _ _— _ 
TLC4541/45 16-Bit, 200kSPS, 1 Channel, 5 V J J — J — 
TLV1504/08 10-Bit, 200kSPS, 4/8 Channel 4. J — / she 
TLV1570 10-Bit, 1.25MSPS, 8 Channel v4 / a —_ 
TLV1571/78 10-Bit, 1.25MSPS, 1/8 Channel 4 f = / _ 


‘Without DMA support: Most C5400 devices don’t support I/0 access through DMA. 


Remarks 
Configuration The DCP creates a C header file with the settings for the control registers of the device. For data converters with no mark in either the C5400 or 
C6000 column, no interface software is generated. 
C5400 A bullet in this column indicates that the data converter plug-in generates a full driver for the TMS320C5400 family, which not only configures the 
data converter, but also the peripheral the device is connected to (e.g. the serial port or memory interface.) 
C5500 A bullet in this column indicates that the data converter plug-in generates a full driver for the TMS320C5500 family, which not only configures the 
data converter, but also the peripheral the device is connected to (e.g. the serial port or memory interface.) 
C6000 A bullet in this column indicates that the data converter plug-in generates a full driver for the TMS320C6200/C6700 family, which not only configures 
the data converter, but also the peripheral the device is connected to. © 


The online version of this table can be found at: www.ti.com/se/deplug-in 
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Data Converter Plug-In (DCP) for Code Composer Studio’ bes — Devices in Version 3.2 ( Continued) 
Description _ SS | Con ion | _ Goox™ | Coon 


TLV1572 10-Bit, 1.25MSPS, 1 Channel, S and H 
T2541 | 
Tv2542/46 12-Bit, 140-200kSPS, 2/1 Channel, 2.7-5.5 V 


> 


12-Bit, 200kSPS, 11 Channel, int. Reference 


16-Bit, 1 Channel, 2ms 


ip. 


TLV320AIC11 


Tuvaz0Alc2 | 


riva20aicia 


hh 


TLC3z0AD535 


PCM3002 16/20-Bit, 48kSPS, Stereo oe V a ve a 


AMC7820 Analog Monitoring and Control Circuitry go oe — J J 


1These DACs share the same driver. 


Remarks 
Configuration The DCP creates a C header file with the settings for the control registers of the device. For data converters with no mark in either the C5400 or 


C6000 column, no interface software is generated. 

C5400 ‘A bullet in this column indicates that the data converter plug-in generates a full driver for the TMS320C5400 family, which not only configures the 
data converter, but also the peripheral the device is connected to (e.g. the serial port or memory interface.) 

C5500 A bullet in this column indicates that the data converter plug-in generates a full driver for the TMS320C5500 family, which not only configures the 
data converter, but also the peripheral the device is connected to (e.g. the serial port or memory interface.) 

C6000 A bullet in this column indicates that the data converter plug-in generates a full driver for the TMS320C6200/C6700 family, which not only configures 


the data converter, but also the peripheral the device is connected to. 


The online version of this table can be found at: www.ti.com/se/deplug-in 


, SO 
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Resources and Tools: Application Reports 


To access any of the following application reports, type the URL 


Wwwwe-s.ti.com/sc/techlit//itnumber and replace /it number with 


the number in the Lit Number column. 
‘Title | 
ADCs (Greater nee or Equal to IMSPS) 
Reading the Configuration Registers of the 10-bit 
THS10064, THS1007,THS10082, and THS1009 
Resetting Non-FIFO Variations of the 10-bit THS10064 
Resetting Non-FIFO Variations of the 12-bit THS1206 
Amplifiers and Bits: An Introduction to Selecting 
Amplifiers for Data Converters (Rev. B) 
Analog Applications Journal (Rev. A) 
Low-Power Signal Conditioning For A Pressure Sensor 
Understanding Data Converters 
Amplifier Solutions High Speed Data Conversion 
Data Conversion Using TI FIFOs to Interface High-Speed 
Data Converters With Tl TMS320 DSPs 
High Speed Data Conversion 


SLAA143 


SLAA144 
SLAA145 
SLOA035B 


SLYTO10A 
SLAA034 
SLAA013 
SBAA045 
SDMA003 


SBAA045 


Using the TMS320C5402 DMA Channels to Read from the TLV1570 ADC SLAA097 
Designing with the THS1206 High-Speed Data Converter 
Interfacing the TLV1571/78 Analog-to-Digital Converter 
to the TMS$320C542 DSP 


ADCs (Less Than 1MSPS) 


SBAA089 


Programming the MSC1210 by Using a Terminal Program 
Interfacing the ADS8361 to the TM$320F2812 DSP 
Interfacing the TLC2552 and TLV2542 to the MSP430F149 
MSC1210: In-Application Flash Programming 


Understanding the ADS1251, ADS1253, and ADS1254 Input Circuitry 


Interfacing the ADS8364 to the TMS320F2812 DSP 
Interfacing the ADS8345 to TMS32065416 DSP 
MSC1210 ROM Routines — 

Software for Proocammine t the Flash sfaranty Using the 
Serial Port v1.1.3 (Rev. A) 

Pressure Transducer to ADC Application — 

Interfacing the TLC4541 to TMS320C6711 DSP 
Programming the MSC1210 (Rev. B) 

Understanding the ADS1252 Input Circuitry 

Software Control of the ADS8364 

Calculate MSC1210-DAQ-EVM ENOB Using RRiconance 
Floating Point Library 


Demonstrate MSC1210-DAQ-EVM High- “Precision ie! 


-and Other Diagnosis : 
Interfacing the ADS8364 ADC to 5 the MSP430F149 | 
Debugging Using the MSC1210 Boot ROM Routines _ 


Interfacing the TLC3544/48 ADC to the MSP430F149 (Rev. A) 


MSC1210 Debugging Strategies 
AB-174: Getting the Full Potential from your ADC (Rev. A) 
The Offset DAC 


Windows CE Touch and Keypad Device Drivers for the TSC2200 
Measuring Temperature with the ADS1216, ADS1217, or ADS1218 


Amplifiers and Bits: An Introduction to Selecting Amplifiers 
for Data Converters (Rev. B) 

SPl-Based Data Acquisition/Monitor Using the TLC2551 
Serial ADC (Rev. A) 

Implementing a Direct Thermocouple Interface With 
MSP430x4xx and ADS1240 (Rev. A) 

Using the ADS7846 Touch Screen Ctrl. with the Intel 
SA-1110 StrongArm Processor 

Interfacing the ADS7842 ADC to the TMS320C5400 and 
TMS320C6000 DSPs Platforms 
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SLAA094 
SLAA077 


SLAA167 © 


SLAA168 


-SBAAQ87 


SBAA086 


~ SLAA163 © 


SLAA160 


SBAA085 


SBAC018A 


SLOAOS6 
SLAA156 
SBAA076B 
SBAA082 
SBACO19 


— SBACO20 


SLAA150 — 
SBAA079° 
SLAA126A 


SBAAO78 


SBAA069A 
SBAA077 
SBAA075 
SBAA073 
SLOA035B 
SLAA108A 
SLAA125A 
SBAA070 


SLAA130 


Ove | 
and ADS1213 


NOrReraTe ADS8320 ADC to the TMS320C5402 DSP 
Interfacing the MSP430 and TLC549/1549 A/D Converters 


Interfacing the ADS7822 to the TMS3420C5402 DSP 
Interfacing the TLV2541 ADC and the TLV5618A DAC to 
the TMS320C31 DSP : 

Interfacing the TLV2544/TLV2548 ADC to the TMS320C31 DSP 
A Clarification of Use of High-Speed S/H to Improve 
cL Das a 


Using the cere 12. Bit ADC with rpisurieg cnepe aaa 


ADS121x Analog-Digital Converter Applications Primer — 
csi oils Features 


er, Ne a sea 

Coding S Schemes real sls Loi Vl 
Gueaniioa tt n Dpct12 Evaluation Fixture 

DDC112UK DEMOBOARD—si‘(‘(;w*ié 
DEM-ADS1210/11 Demo Board Tricks Evatunte ADS1211 
al Switch sila 


SLAA112 
Sia? 


SLAA111 


nee 
SBAA022 — 


SBAA007 


SBAA028 
bait 


AAI | 
S BAAO53 


Giving Delta-Sigma convariere a Gar Bobet aa a Front 
End Analog Gain Stage 

Guide for Delta-Sigma Converters: ADS1210, ADS1211, 
ADS1212, ADS1213 

How to get 23 bits of effective resolution parr 

ll 24- ae converter 

react the ‘ADS1210 with an 8xC5I Microcontroller 
Intel rfaci ee ADS7822 to synchronous serial port of the 


erecaene the ADS7870 and the MC68HC11E9 eran to 


Microcomputer Made Easy 

Multi-DDC112 DUT Board for the DDC112 Evaluation Fixture 
New Software For The DDC112 Evaluation Fixture 

riving the Inputs to the ADS1210, ADS1211, ADS1212, 


Programming Tricks for Higher C anon Speeds Utilizing 
Delta-Sigma Converters 


Remove the DC Portion of Signals with the ADS7817_ 


Retrieving Data from the DDC112 

Selecting an A/D Converter 

Short Cycling the 8-Pin ADS78xx Family _ 
Synchronization of External Analog Multiplexers w with 


‘Delta- -Sigma A/D Converters 


The DDC112's Test Mode 

Tips for Using the ADS78xx Family of A/D Converters 
Touch Screen Controller Tips 

Understanding the DDC112's Continuous and © 
Non-Continuous Modes : 
Using External Integration Capacitors on the ppci12 
Using the Continuos Parallel Mode with the 

ADS7824 and ADS7825 _ 
Voltage Reference Scaling Techniques Increase Converter 
and Resolution Accuracy 

Thermistor Temperature Transducer to ADC Application — 


TLV2544/TLV2548 ADC 


SBAA006 


SBAAOI7 


SBAA005 


8 sry 
 SBAA004 


SBAA014 


8 SB AA013 - 


SBAA025 


- SBAA003 


SBAA036 


~ SBAA024 


SBAA027 
SBAA019 


SBAA008 


| =SLOA052 
Evaluating the TLV2462 and TLV2772 as Drive Amps for he 


SLOA048 
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Resources and Tools: Application Reports and Evaluation Modules 


interfaces the TLV1549 10-Bit Serial- Out ADC to Panular 
3.3-V al 


LI 2541 A ADC and 


Interfacing the TLV2544/TLV2548 ADC to the 
TMS320C5402 DSP (Rev. A) 


_ ~SBARO 


Mereane the TLV1544/1 548 eine Digital cenverter to 
Digital Processors 
Analog Monitor and Control Circuitry 


AMC7820REF: A Reference Design or DWDM Pump Lasers 


Amplifiers and Bits: An Introduction to Selecting Amplifiers for 
aL Converters (Rev. B) 


nner tun boa baneness 

Voiceband Codecs 

TMS320C54x DSP Reference Framework & Device Driver for 
ta : 


Re ee, Hie ecir a the — 106 Codec with 
= TMS320C5402 DSP 
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SLAA092 


— SLYTOIOA 


SLAA036 


SLAA034 — 


SLAA018 
SLAA013 
SLAA005 


SLAAI62 


SLAAOS8A 


SLAA093A 


__SBAANS 


— SBAA046 — 


_SLAA064 
SLAA022 


SBAA072 


— SLOA035B- 


SLYTOIOA 
SLAAQ13 


SLOA035B 


SLYTO10A 


SLAA013 


SLAA166 


~ SLAA158 
SLAA154 


~ SLAA153 


SLAA147 


2 SLAAI42 


SLAA109 
SLAA090 
SLAA087 


t SPRA268 


BPRA049 
oe 


SLAADDG | 


SLAA172 


Amplifiers and Bits: An Introduction to Selecting Amplifiers 
for Data Converters (Rev. B) 

Analog Applications Journal (Rev. A) 

Understanding Data Converters 

Amplifier Solutions High Speed Data Conversion _ 

Data Conversion Using Tl FIFOs to Interface High- Speed Data 
Converters with Tl TMS320 DSPs 

Speed Data Conversion 


 SLOAQS5B- 


SLYTO10A 
SLAA013 

SBAA045 
SDMA003 


SBAA045 


OG OL aaa 


Interfacing the DAC7731 to the MSP430F149 

Interfacing with the DAC8541 Digital-to-Analog Converter — 
Amplifiers and Bits: An Introduction to Selecting Amplifiers 
for Data Converters (Rev. B) 

SPI-Based Data a cae the TLC2551 
‘Serial ADC (Rev. A) 

Interfacing the TLV5639 DAC to the TMS320C31 DSP 
Bipolar Voltage Outputs for the TLV56xx Family of DACs 
Interfacing the TLV2541 ADC and the TLV5618A DAC to the 
TMS320C31 DSP 

Interfacing the DAC714 to Micro-Controllers Via SPI 
Analog Applications Journal (Rev. A) 

Low-Power Signal Conditioning for a Pressure Sensor 
Interfacing the TLC5618A Digital-to-Analog Converter 

to the TMS320C203 DSP 

Understanding Data Converters 

Data Conversion Interfacing the TMS320C5402 DSP t to the 
TLV2541 ADC and the TLV5636 DAC (Rev. A) 

MicroSystem Mixed-Signal Data Converters 
Programming the MSC1210 by Using a Terminal Program 
-MSC1210: In-Application Flash Programming ts 
MSC1210 ROM Routines 

Software for Programming the Flash Memory eu the 
Serial Port v1.1.3 (Rev. A) 

Programming the MSC1210 (Rev. B) 

Calculate MSC1210-DAQ-EVM. ENOB Using Raisonance 
Floating Point Library =i issit 

Demonstrate MSC1210-DAQ-EVM ‘High: [Precision Conversion 
and Other Diagnosis 

Debugging Using the MSC1210 Boot ROM Routines 
nbc ATE ean 


The Offset DAC 


Measuring Temperature with the ADS1216, ADS1217, or ADS1218 


Amplifiers and Bits: An Introduction to Selecting Amplifiers for 
Data Converters (Rev. B) 

Synchronization of External Analog Multiplexers with 
Delta-Sigma A/D Converters. 

Analog Applications Journal (Rev. A) 
Switched-Capacitor ADC Analog Input Calculations 
Understanding Data SoU 

Data Conversion Ani IC igital | vere eng 
Practices Effect System. See 

Principles of Data Acquisition and Conversion 

What Designers Should Know About Data Converter Drift 


SLAA165 


— SLAA146 © 


SLOA035B 


-SLAAI08A 


SLAUO71 
SLAA113 
SLAA111 


— SBAA023 


SLYTOI0A 


- SLAAO34 


SLAA033 


—SLAAOI3 


SLAA098A 


SBAA089 


— SBAA087 


SBAA085 


_ SBACOI8A 
SBAAQ76B 
- SBACO19 


SBAC020 


- SBAA079 © 


SBAA078 


- SBAA069A 


SBAAO77 
SBAA073 
SLOA035B 


SBAA013 


SLYTO10A 
SLAA036 
SLAA013 
SBAA052 


SBAA051 
SBAA046 
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Tl Worldwide Technical Support 


Internet 


Tl Semiconductor Product Information Center Home Page 


Support.ti.com 


Tl Semiconductor KnowledgeBase Home Page 
support.ti.com/sc/knowledgebase 


Product Information Centers 
Americas 
Phone 

Fax 
Internet 


+1(972) 644-5580 
+1(972) 927-6377 
Support.ti.com/sc/pic/americas.htm 


Europe, Middle East, and Africa 


Phone 
Belgium (English) 
Finland (English) 
France 
Germany 
Israel (English) 
Italy 
Netherlands (English) 
Spain 
Sweden (English) 
United Kingdom 
Fax 
Email 
Internet 


+32 (0) 27 45 55 32 
+358 (0) 9 25173948 
+33 (0) 130 70 11 64 
+49 (0) 8161 80 33 11 
1800 949 0107 

800 79 11 37 

+31 (0) 546 87 95 45 
+34 902 35 40 28 
+46 (0) 8587 555 22 
+44 (0) 1604 66 33 99 


+49 (0) 8161 80 2045 
epic@ti.com 
support.ti.com/sc/pic/euro.htm 


Japan 

Fax International 
Domestic 

Internet International 


Domestic 


Asia 
Phone 
International 
Domestic 
Australia 
China 
Hong Kong 
Indonesia 
Korea 
Malaysia 
New Zealand 
Philippines 
Singapore 
Taiwan 
Thailand 
Fax 
Email 
Internet 


+81-3-3344-5317 
0120-81-0036 


Support.ti.com/sc/pic/japan.htm 
Wwww.tij.co.jp/pic 


+886-2-23786800 
Toll Free Number 
1-800-999-084 
108-00-886-0015 
800-96-5941 
001-803-8861 -1006 
080-551-2804 
1-800-80-3973 
0800-446-934 
1-800-765-7404 
800-886-1028 
0800-006800 
001-800-886-0010 
886-2-2378-6808 
tiasia@ti.com 
support.ti.com/sc/pic/asia.htm 
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Safe Harbor Statement 

This publication may contain forward- 
looking statements that involve a number 
of risks and uncertainties. These “forward- 
looking statements” are intended to qualify 
for the safe harbor from liability established 
by the Private Securities Litigation Reform 
Act of 1995. These forward-looking 
statements generally can be identified by 
phrases such as Tl or its management 
“believes,” “expects,” “anticipates,” 
“foresees,” “forecasts,” “estimates” or 
other words or phrases of similar import. 
Similarly, such statements herein that 
describe the company’s products, business 
strategy, outlook, objectives, plans, 
intentions or goals also are forward-looking 
statements. All such forward-looking 
statements are subject to certain risks 
and uncertainties that could cause actual 
results to differ materially from those in 
forward-looking statements. Please refer 
to TI's most recent Form 10-K for more 
information on the risks and uncertainties 
that could materially affect future results 
of operations. We disclaim any intention 
or obligation to update any forward-looking 
statements as a result of developments 
occurring after the date of this publication. 
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Real World Signal Processing, the 
black/red banner, Code Composer Studio, 
TMS320C54x, MicroStar Junior, C54x, 
Cd5x, C6000, C64x, TMS320C54x, 
TMS320C55x, TMS320C62x, C28x, 
PowerPAD and TMS320C67x are 
trademarks of Texas Instruments. 

All other trademarks are the property of 
their respective owners. 
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